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THIS Courſe Treats fr of, Pure or Abſtracted 
{ - Mathematicks, vu. f Volga Arithmetick 

_ ' «ml Algebra, Geometry and Trigonometry; 
next of Applicate Mathematicks, & Civit and 
Military Architecture, Mechanicks, Opticks, A- 
ſtronomy and the uſe ef tb Globes, Chronology, 


a, * * 9 


* # - 


| Beines re or of Eclipſes, Horography or 
ia Wi CT Pan 1 i F: | 
= 7. be Sela (Written y Learned Man) i 
> fitted to the Underſtanding of Youth, that with the 
leaſt help they may eaſily be Inftrutted in theſe uſeful 
Arts and Sciences while they are at the Grammar 
School, if the Maſter would but obſerve ſome Me- 
hod like that laid down by the Author in his Preface, 
which Method: I ſball here give you at large, and i al 
think neceſſary to be Tranſlated of bis Preface. - 

I. Let the Townger ſort, or thoſe.of the loweſt Claſs, 
be Taught Numeration of the leaſt Numbers or Fi- 
DUres, that is to write down the ſingle Numbers. 1, 2, 
5, 4, 35 &Ce. and to expreſs them properly ; next to 
xpreſs aud write down greater Numbers conſiſting of 
, three, or at moſt four Figures; this done, by di- 
rees Teach them firſt Simple Addition, and Subſtra- 
tion F the ſingle Numbers, then of two, three or 
eur Numeral Figures, that is, ſuch Nambers that 
„ = As. | don't 
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g To the Reader. 


Yer pk 
"Zhi 6, und in e 


- roge we \ 
The 57 5 5 — wy en 
ther 25 12 70 make 15, &C.) in time hie will . han 


the force and alaeret 10 the A' Minds to 
provꝰd by theſe fli innings, that he road vrver 
ad he not made the Trial. 

Next t Arichmetick, Thur at al * . 
were of the Mathematick Structure to bv ray/eds . 
ther Geometrical one max be laid in this \firſt and | 5 
loweſt Claſs, by ſbewing the Lad, for Ex , 
the True and Gennine 5 of one; Foot, and #5 Di- : 
viſion into 12 Vulgar or Geomettical Inches; 
next the extent, e. g. o a £01108 German Roder | ' | 
Perch, conſiſting of 12 Fulger. or Leſſer, or a0 greater | 
Geometrical Feet; iben hy Teaching them decently to 
handle the Rule or Scale, aud by cha help of i co dray . 

right Lines from one given Point to another, aud ri 
one of thoſe Straight Lines f 4 comuenibnt 
mate a Plain — divided mith nes | 
paſſes into Feet and Inches ( rheſe Diviſions of -Feex | 
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Jo tke Reader. 
un Inches may be of different fixes) and their uſe in 
— Meaforing any other Lale Roads be Taught. 1 
ver, making them often uſe their Compaſſes in draw - 
ii Circular Lines, and at the ſame Opening of the Com. 
bp, to divide them into fix equal Parts, and ſo h 
wing Sraight Lines from one Point to another to de- 
| be 4 ſix Angled, or by omitting each other Point to 
| deſcribe a Triangle within the Circle; or from the afurs. 
d (fad fix Points, ar fo many Centers, to deſcribe ſix other 
8 Circles at the fare Opening, and ſo make a handſome Fi. 
ge ſometlung lite 4 Roſe, which Sort of Things will 
wonderfully pleaſe the Boys, and ſtir ap their Fancies. 
= Geometry may farther be taught, by explaining 
to them the Uſe of the Rule or Scale, not only in 
' Words, but by teaching them to handle it well; as 
= for Example, From à given Point, in a right Line, to 
= erett' another right Line perpendicular to it, or from 
s giuen Point, without the Line, to let fall a Perpen- 
dicular; and ſo conſequently to form à right Angle, 
cor ax obtuſe Angle, which is greater than a Right, or. 
4 acute Angle, which is leſs than a right One, 
- 18 and many other ſuch like Things, &c. All which 
vod be as Sport and Play to the Boys; and 
„ Ii moreover 4 great Improvement of their Judgment 
= and Fancy, © 7M SE 1 I 
L the fecond Claſs, at ſome certain Hours in the 
= Week, they may be taught Numeration in greater 
Numbers, alſo Addition and Subſtraction i diverſe 
y t0 Sorts of Things, as Money and Weight ; of the va- 
"OF 710us Sorts of Meaſures, eſpecially Geometrical, as 
pow tf Feet, Inches, &c Moreover, they may learn the 
WW Pythagorean or Multiplication Table perfectly, and 
en they may be ſhewn the Way of maltiplying one 
Number by another. In Geometry is will be con- 
= =. A. 2  wenient 
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| | Forhs: Ne 
venient to explain. to tluim bat tbe: plain Far- 
orey u phat are Trianges, Squares ed other W, 
drangles, 2% Polygons, eſpecially Hexagons and || 
Heptagons, both regular and irregular; and to Me 90 
Foy how to delineate even one them dn TER. | . 
by. the Help of 4 Stale and pair of Canpaſſes; and 1 
the ſeveral Ms of. drawing one Line paridlet to a>. 
tler gives Line, throng h-any giui Point without. 
the- Line; alſo ham to deſen Spiral Lives, Ellipſes or 
Oblang Circles, Ouali &c. And in this Place, ters 1 
will be Opportunity enogeh . for them to bur ſeveral © 
Greek and Latin V eye wh by frequent . wil 5 
become familiar to the el 
Is ſbe third Claſs, 3 9 aſe Haur defi rew'd 2 
M athematicks, exploy them in the Multiplications | 
and Diviſions, both of larger abſfracted Nambers;\" 
d and alſa of ſueh Numbers as are. apply te fe 
Sorte of Things, propoſing now and then. freſh Rm. 
Ns Oo eee, 
fares as belong to the Survezing of Land, as Perches 
Feet, Inches, &c. in which Caſe, if the Maſter of the. $ 
Claſs be not Skill 4 enough in HA Thang „ He le ö ta 1 
be furniſh'd with « Compendious Treatiſe of them. And 
to this. Place, properly belong the Geometrical E 
amples relating to the Computation of the. Areas of. || 
Triangles, Quadrangles, &c. andingeneral f all Mul. 
tangular Figures, whetber regular or irregular; and 
this they may do by ee on Paper the Figures | 
by belp * the SN — Seal, or in the Field, ) 
2 in their juſt Meaſures,” the Areas of ſmall = 
Meadows and gal; don which 'Occefton, they 6 
Soul be throaghty. taug hz. the Structurt and D 
4 more artificial anal Scale, 4 lo che M ay of 
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4 


og plications and Diviſions of Numbers, without the Help of 
the Pythagorean Table): By the laſt ingenious Invention, the 
Boys Nit and imaginative Power would be greatly improv d 
ery and excited. . 

wad” In the fourth Claſs, they may be taught the Value of Fra- 


v0- SCions or broken Numbers, by the Help of right Lines divided 
at. into feu or many Parts; and they may be exerciſed in their 
„Computation throng h the four Parts of Arithmetick, wiz, 
„ Addition, Subſtraction, Multiplication and Diviſion : 


tbey may learn alſo the Extraction of Roots, at leaſt, of the 
„Square Root. Of Geometry, now may be eæplain d from 
Euclid and Archimedes, the chief Theorems about Lines, 
Angle, and plain Figures; this may be done after an eaſie and 
deligbiful Way, (which may readily be ſhewn) and this Way 
F explaining' may ſerve till in their due Time they get into 
the higher and more accurate Claſſes or Forms of the School, 
and are capable of a rigid Demonſtration. And ths alſo is 
+ rhe proper Time for them to be initiated in Geography and 
3 Aſtronomy, ſ that being taught the Uſe of the univerſal 
Map of the Terraqueous Globe, and of the general Maps of 
its Quarters or Parts, they may firſf know the Extent and 
13 Confines of theſe Parts in the habitable World, as alſo the Po- 
fFtion of the Seas that beat againſt each Part; next the Si- 
tuation of every Country, each Part in reſpect of one another ; 
bat v, to what Point of the Compaſs.one Country lies in re- 
ect of another Country, Place or Town; (but faſt F all, 
7 they ſhould be taught throughly what theſe Points of the Com- 
= paſs are, aud what Names they are diſtinguiſh'd by). They. 
migbt alſo learn how much any capital City is diſtant from their 
native Country; for all thefe Things (;ſome are to be ſhewn in 
Y the Maps decently plac'd, and ſome without the Maps in the o- 
pen Field by pointing with the Fingers, as alſo the Figures of the 
„ Ccleſtial Conſtellat ions, which may be firſt ſhewn to the Boys 
2 on the Celeftial Globe, and then in ibe Sky it ſelf) are ſo 
order d, that without any trouble, but rather a ſingular Plea- - 
ſure, they may be underſtood by the Scholars of this Claſs; nay, 
Vme of them by the Boys of the preceding Claſſes, provided 
4 b bey are taught accurately, faithfully and in a decent order. ; 


To the 6 2 
And by this Means wat «nh the Difpoſicion and Judgement: i 
' would. 2 wonderfully, quicken” d in the N but their Memo A N 
ry alſo by Degrees would be enrich'd with great Mew "M 
Things worthy to be known, and of great. AE which other- 
wiſe in the vulgar Schools is uſually burt J with meer 
Words, and to them. unintelligible Rules and Precepts. iv 
In -the :ffth:Claſs the Foundations, hitherto. laid. muſt , be car- | 
79d on farther, and higher Things by Degrees built on 3 em, | 
a; in Arihbatick Te ſhauld be caught by continued Exam- 
ples, the Rules of Tbree, o Five, Fellow(hip, Fo G Kc. 15 
and the. Extraction of tbe Cale Root ; and thus might be can 1 
eluded the principal Head. of | prefiical & Irithmeck , " rhe 4 
ref of it togeaber - with Alggbra being re erved for the 245 Xx - 
or higheft Claſs. Naw. alſo. tbe third, Part of. e (which 1 
treats of Solids). might be touch d upon, they may be | 


ſhewn. what the five.regwlar, Bodies are, alſo N N tis we call 3 3 
4 Cone, Cylinder, Pyramid, Cc. and what Proportion 


one Body bears to ebe other, (in demonſtrating which, ſore 
eaſie and pleaſant Demonſtrations, may, at preſent h ) ebey 
may be alſo gang bt to find by Calculation the, Copacicy,o Meg 
uitude each of theſe. Bedjes, e/pecially #0 take 4 the L Larg eng 907 þ 
Content of. Veſſels and Heaps ¶ Cern ly means of a ol lain Geo- 1 
metrical Scale, &c. To.Geagraphy and Afer begin ac- | 
cording 10 ebeſe Diredtions. in the foregoing Claſs, 
more may 10 be added; Example, cbey may be. 
: the uſual Paints, Lines, Cirel 27 mes end che þ 0 * bb 
; Globes, Coleſtial ana:Terreſtrial; and in the Geog Eres icalMaps, be 
 #he- right Lines. and 3 that. are to be, fo there, 11 6 
be explain d ta them by, ſame .ſli de Eee Ferber with if 
the Degrees ef . mark'd down, both. Sides, and. Longi- ' 8 
aude — above and brlow. Thus far our 125 1 
And L. think it „ 70 ſet forth. bere i be Eee of 1 
. this Courſe to ſuch Perſons who. are defircus t9. bow ſomerhs ung | 


. ef «.Mathematicks, yes are unwilling. fo. ernbloy. 4.71 vor, or ap- 
Bly them) elves ta the cloſe, Reaging of thoſe. Avis yh treat k "4 
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ron. pu J. 20. r. Mares, p. 181. l. as, r. Metatoria, +4 13 r. hy 
18. r. Lines. as, 1.23. for Amphori r. Amphors. p.21g. 1.17. r. bids, 
* lalt I. but one, r. Coin. p. 232. I. 28. before than r. more. p. 333. l. 17.0 \ 
r Gland r. it ſtands. p. 238. l. 29. f. have. p. 250, l. 33. for contain r. to contain. 
n 7. r. one. p. 267. I. 3. r. confidered, p. 297. vt. Fortification, p. 317, l, 9— 4 
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| ww \ 286, l. 28. r. they before exhi 1 p. 7 
2 ele that. p. 339, l. 3. r. appears ; ib. f. echt Wy 15 er ; Round 1 % 
ne P. 373. 1,10. r. ordinarily, p. 410. I 14. re manito p. 439. | 14. 7 1 ee 
— a 10. J. 31 r. for. p.430. I. 6. r. connected. p. 470. l. 31. r. bear . 
4 ©, now. 


Errata in Vol. Ill. 


2 7 6. for 8 „ p. 8 . tee Ng. XXIV, of vol. 11. p. 13% 
. 27, 2b, r, benevolent and ent, p. 14. 1, 3. r. doth, p. 16. F, Wi. | 
Ni. of Vol, 11, p. 28, J. a. r. more deep, p. 36. 5 dele p. * 42, | 
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bot 
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6, r. N pP. 44. % 
bl 130, AN. der. dove. ib, od} r. en p. 136, dele D Da) 3 7 
_ 8.0 le, N 4 ry oy to. p. 6. fy 9 1, renew ng. 1. 173. r. 1904 . 
theſes. „. 20. r. Queltion, 1; 199. r. Tetrasterids. P. a8. 
7. r. Webel . p. 240. 2. r. Jelus. 5 H 1 r. 44 aiinar ire; 
P 233; I. 17. t. aw p. 286, I 992 |, 21. r. Aſtronomical, Fog ly 
* * upe 


7. Looks, p. 21. 26. r. be. 5 ulre. p. 1. 
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_ ; By the Word ue, at fieſt was underſtood only 
15. J and Geometry, . becauſe in the Greeian Schools they 
int Pegan their with theſe two Sciences 3 for the young 
8 I. Students had then no occaſion to learn any Foreign Lariguags 


nh is1 ws a 


as our 1 nd have, who are neceſſitated to learn 


fometimes Hebrew) but d to all thelr Leven» 
x thele Mother Tongue, | 
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tician, both rightly and adyantagiouſly to Eſtabliſh d cy; 
and bein tar Eſtablich d, to it; of which ao; | ; 
ure is moſt converſant about the Situation, Conve- q f 

niency, Strength and Beatey of the Citizens Houſes, and of ly 
Publick Edifices : And Military Architecture, which is al'd | " 
Fortification, - ſecures the AY from the Infilts and $ 
of their Enemies, Ce. 'becauſe Theſe and many other 
Sciences could not be tity ar ſufficiently Treated of, wich- 
out the help of Arithmetick an Geometry, the School-men | 
(being generally ignorant of thaſe two Sciences) have left theſe 
Parts of p Philoſophy untouch'd z and by this means, ares | 
deſerted them themſelves, they ſilently ſuffered them to be | t 

taken within the Precincts of the — as being more pe 
proper: to be treated of theres. 1 a 


2 


„ ah te 
Mathematicks, encreaſed aha 9 the acceſſion of [6 — dee, | of 
into Tivo Orders # | : | F 50 


It will ſo; and Inſtead of that more vulgar way, aw: | : 
are Aude into Furs and put, they . more * . 
be divided into Simple, or ede and 


4 her: i Simla o dune l i. 
Aalen and, Gremerry; jo. «a awek us FP EY 


ders, computes and meaſures Numbers 3 the later Muehe, 4 A 
hemfilves Ys men being "ply d to 1 n 4 


e and Gromer 99 * 
alu, | 4 5 þ 0 1 


Les cortaln ly, for le would be of Wer b 4% 
my Henk or Divide bare Numbers 'only, « g+ || 4 
2. and 12 70, unle we could app thoſb Operations Þ | 
. as Weights, Meaſures, Coins, Ge. and other | 
ek end — 40 Mankind! Even 
| Geometrical 


I © The 1NTRODOCTION. 
ity i ==. al Truths themſelves might be eſteem'd barre" 
vil ud uſcleſs, unleſy by being apply'd in the meaſuring the Parts 
nve- HE the Heavens and Earth, and their Diſtances, Magnitudes, 
fe of Motlons, Ge. they had brought to light Survging, 1. e. the Art 
all'd 238 Meaſuring Fields, Countries, Altitudes and Diſtances , and 
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ther 
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men 
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. 7. What Arti er Sciencet then 


9 Practical Arlthmetlelt, or the Art of 1 18 
ell abſtractly conſider d, ns apply'd to various Subjects 1 Se- 
Fondly, amore eaſy hoy of Geomerry, and the Practlee de- 
q your from thence, in eſtimating and computing all Kinde of 
Magnitudes ; efpecially, its Application to the Demenſions and 
ain Diviſions of Fields and Lands, hence call'd Grode/i, or Jun vey- 
er, and in eſtimating the Contents of Veſlels and Heaps of 
Porn, e, Thirdly, A few 'Theorick Prinelples of Srarichy, 
nd alſo, moſt of the practical Principles of Meebaniely, Fourth» 
My, The chief Principles of Gprely, Dioprricky and Cateptriel- 
_ Memonſirated with the greateſt plalnneſh and facility, toge= 
er With the whole Art of Practical Per/pefiive, and the 
Artifices of Transformations or Deformations of Figures, 
WF ifthly, Compendlous Rules of Arebireflure , both Civi/ 
nd Militay ; and thoſe chiefly according to the Method of 
Nichols Goldman, who _ Germany yet hath far —_ 
Bs t 


will ibu Compendium of Ma- 


Firſt 
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4 Tho INTRODUCTION: I 
the lralian both in the wonderful Facility, and alſo the if 
accurate and due P of the Parts, Sixthly , The 9 | 
chief Theorems of Aftronomy and z with " Prace | . 
tical Uſe of both the Globes and of Meps and alſo the 9 4 
Vanity af Aſtrology, ea 1 to be proved by Ocular Demon. 
ſtration. Seventhly , The 8 - Chrenology , wm «i 
although werbe tedidus, = ve 
ry, becauſe of their ſin * Us, i in * ty eſta ihin wor 4 
Sacred and Profane Hiſtory z together with the Ecrleliaſti« 
cal Computation of Years, and a mote ſure way of Com- 


poſing Calendlers. Eighthly and Laſtly , of the 
Art of rightly Delineating Sun«Dlals z and all theſ oo 
whether Sclences or Arts, thoſe 'Things "only that do not en- 


ceed the Capacity of the _ Student. | 
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Ffuvenile Arithmetick, 


Y SECTION I 
Poncernimg Pure and Abſtradted Numbers, 


i 


p 
/ Muneration, or of the Enunciatian of written 
_ 2 and of the Manner of writing them when 
8 they are pronounced. = 


— 1 . W HAT 1 Ariebmetich 0 3 


uu the Art of Numbering rightly and eompendlouſly; or 
1 Treating of, and Computing Numbers, 


by. 
2. Phat is Number? | 


Number is either that which is numbered, as any multitude of 
Shings, the Name of the thing being taken largely, that it may 
ontain the Privations, and alſo Entie rations ; and in this ſenſe, 
„ Number is oppoſed. to Unity, and Unity is not Number; that 
mile . One is not Many; or Numbering, whereby we determine 
ee Number of any Multitude conceiv'd by Mind or expreſs'd 
04 Words; and in this Signification, Unity alſo may be ſaid 

be Number, becauſe we may anſwer as fitly to the Queſtion, 
How many e.g. Gods are there? Saying, There is but One 
Jod. As to the Queſtion, How many Elements are there ? 
nſwering, There are Four. | | | 

a 49 he. © 3. In 


frſt place with another Figure or Cypher) they denote ſo ma- 
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1. Ms which F Südende 4s Number lech HNO N 
| this Plate e | | | | 1 8 
Chiefly as the Number Numbering, ſince It la not our In» 
tent to propoſe, and by enumerating, to treat of the Things i 
themſelves and thelr real Multitude. py Wo 
4. Wy do you ſay, That Arithmetich it the Art that not only 
Fight, but alſo compendionſly treats of Number 4 


Becauſe there are various natural ways of treating Numbers iſ 
rightly, by the mediation of divers Signa or Symbols, invented I 
by Mankind; as the Greeians and Hebrews, who uſed to ex- 
preſs all and every of the Numbers, by general and peculiar 
Letters of the Alphabet, The Lain, who ufed ſelect tc 
ones, but fewer in number, as C, D, I, L, M, V and X. i 
Mathematicians, in their Theorick Demonſtrations, uſe Points, ty 
the Common People Lines and Croſſes, Oc. all of them right- tin 
ly, but not compendiouſly enough. %% ( 
F. What other Symbols are there, more fit for tbe treating of 3 
Numbers comfendiouſly 2 8 1 
They are thoſe vulgar Marks, brought to us (as is thaught) 
from the Arabians or Indians, I, 2 z 4» 5» 6, 7» & 9 O, 
the laſt of which is commonly call'd Naugbe, or a Cypher, be- 
cauſe by it ſelf itis of no Value, but the reſt denote in order ; 0 
1, One, Unity or one thing; 2, Two; 3, Three, Gr. if Wu 
they be put apart and by themſelves; but if they ſtand in the 8 
ſecond place towards the Left Hand (at the fame time filling the en 


ny Decads or Tens; if in the Third, ſo many Hundreds ; in 
the fourth, ſo many Thouſands, in the fifth, ſo many Tens of 
Thouſands ; in the ſixth, ſo many Hundred of Thouſands ; 8 
in the ſeventh, ſo many Thouſands of Thouſands or Millions, 
&c. By which arbitrary, yet never enough to be admired Ar- 
tifice, immenſe Numbers and incomprehenſible Multitudes of 8 
things, may be by a few Notes expreſi d ad written-3 and % 
being expreſsd or written, they may be compendiouſly urter'd i 


or pronounced. "Pore: 
6. Explain 


1 


c NUMARATION, „ 
6. ne «nd thin by 


| If « 1... VO of Ninety den Une, ah 
kten hy the Figure 7 in the firſt towards ge Right 
d, mn by 9 In the next place following towards the Left 
land; fo that 7 ſands for Unite, and 9 for Tens, 6. e. thoſe 
ine Tens (hall be —— to Ninety ty , and the whole Num- 
r of theſe ſeveral th enpreſi d in Writin 'y theſe two 
| 9 Fig — thus . a of loathe contrary, t —_ 8 
written, may xpreſi d, if we concelve the Fi 
Witand in Fay Nee — to ＋ — Nine Decads or 
Wand the Figure 7 in the firf 2 to ſtand for ſovon 7 
q ar then the whole Sum may be expreſi d by Nineg Seven, or 
iaverfly Seven and Ninery, In like manner, Nine Hundred, Nine- 
ints, | ey and Nine, may be expreſid by repeating the F 9 three 
_ 1 times in the ſame Line, thus, 999, and again be ng fo writ- 
ten, may be expreſs'd after the manner above mention'd ; but 
1 being vtit thus 5876, ir will be pronounced after this manner, 
Nine Thouſand, Eight Hundred and Seventy Six; and being 
chus expreſs'd, i may be written according to the former Me- 
choc, by the fame arbitrary Law. 


= 7. Idi. allo 10 have the fans wy 2 by Si larger 
33 9 Example " 4. a 

Alcho the whole Practice of — or Us Art of ex- 
1 preſſing Written Numbers, and of writing them, being thus 
7 expreſs Ml as alſo that which follows, may much better be 
2X caught wie wore, than by much Writing; yet for the ſake of 
in 8 choſe that inform others, rather than BA that deſire to be 

MJ inform'd themſelves, we will teach the chief Rules of Numera- 
; vn by ſome larger and more copious Examples. Suppoſe 
de Number under written, compoſed of all the Ten Numeral 
3} Characters in their order were to be expreſsd 3 | 
A | 1 2 34567890 
q begin ing on the Right Hand under the fourth Figure 4.5 

f es Point, as being the Mark of the Thouſands, ( ſince o 
Lands for Unit, 9 for Tens, 5 and laſtly, 7 


for 
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s{| - Juvenile Arithmetick: VF 
for 2 and from thence beginning again, under th 
fourth Figure following, 4, make another Point, and fo on: 
Then the whole Number being thus plainly diſtinguiſhd with 
Points it will be very eaſily expreſs'd after this manner; tat- 
the two firſt Points towards the Right Hand, be pronounced b 
Millions of Millions : To the re 4 let the Word a Thouſand 4 
times be repeated, by beginning the Numeration from the Leſt 
Hand toward the Right; thus, One thouſand Milions;; then Tivo i 
bundred Million: ; and then Thirty four Millions z moreover, Pive i 
bundred fixty ſe von Thouſand ; and laſtly, Eigbe Hundred and * 
ty ; or more briefly thus, One thouſand, two hundred, thirty 
four Millions; Five hundred, ſixty ſeven Thouſand ; Eight 
Hundred and Ninety : Where tit 1 that at every Point 
you muſt always expreſs the Word Thoxſand: or Millions, and 
| pronounce but 3 places at a time, of as far as the next Prick 
or Note incluſively. an 
8. Bur ſuppoſe ibu Number thut expreſ'd, wat to be written 


That may be done with the ſame eaſe, only it muſt not be . 
pronounced in one Breath, but by Parts disjoyn'd by a remark» - 
able Interval of Time: Far while he that is ſpeaking the 
Number, faith One thouſand Millions, he that is writing of it, i 
marks Unity with a Point written under it; and at ſuch g ſpace, 

that it may be capable of — three other Figures, to by 1 
written afterwards ; He marketh alſo, two other Points after r 
this manner; | | | by. 


| IT 0 0 
moreover, when the other ſays, Two hundred thirty four Millions, 
this after Unity, writes 234. ; ſo that 4 may ſtand over the 
ſecond Point, in this form of written Figures; | 

1234 


* 


going on alſo and faying, Five hundred, ſixty 1 Thouſand : 
his writes incluſively between the ſecond and third Point 567, WF 
ſq that the Orders of the written Figures will be as follows; . 

1234567 1 


Lay, whilſt hefarther goes an, and adds Bight Hondred and 


Of VE RATIO g 
ty; the Writer to the firſt Series, joyns theſe Fi 
ay; the Wie * 


wh 
* 
* * 
* 
os 
1 my 
— * 
ht t 74 
18 
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j 


3 enn 
|; 4 9, Are there not alſo other ways found out to expreſs the moſt im- 
ere written Numbers by, and alſo being expreſs d, to write them ? 


0 There are ſo; for an Example, Take the number of Barley 
orns, which would have been due to the firſt Inventer of 


% e immenſe a Number, that it would fill 2562047, b. e. two 
\ Millions, five hundred ſixty two Thouſand, and Forty Seven of 
Nabe Ark; and that in One Year there can't be produc'd, on 
he the whole habitable Earth, a Number equal to the Number of 
cheſe Grains: And yet we have a more eaſy way than the 
® former, to expreſi this vaſt Number by, If having diſtinguiſh'd 
ie, as before, by irs Points, you draw-alſo a ſmall Stroke over 
* h the Figure of the ſecond Point, ſignifying Millions; over the 
Figure of the fourth Point (always omitting one) two Strokes, 
importing Millions of Millions, or Bimillions, which for brevi- 
ies fake, call Bilions : Over the 4 of the ſixth Point, let 
chere be drawn three Strokes, as being the Mark of Trimil - 
lions, Oe. or Trillions, Ge. that it may have the following 
Form; „ . | 
by = 7 - / OO 
- 18 44% 744 073 709 551 615 


* abree thouſand, ſeven hundred and nine Millions; 
ee bundred fifty one Thouſand; fix Hundred and Fifteen, Hence 
ns plain, thay by this Artitice the Tongue may be able, moſt 


accuratee 


n „ * $54 44 ea 44S » 


10 Juvenile Arithmetick « "vl 
accurately, to expreſs 3 which are not in the leaſt 
to be comprehended by the Mind, which yet will more evi» f 
dently appear, if in this Place we could teach A4rebimedes's Mev 
thod of Numeration, which he uſeth in expreſſing this Num- 
ber, wiz. Unity, with 63 Cyphers annexed ; 


X 1 7 S T3 4280 
10000000, 00000000, 00000000, 00090000, 00000000, 
7 L 90 . = 


©0000d00, 00000000, 00000000, 


which he has demonſtrated to be greater than the Number of 
the Grains of Sand that would fill the whole Terraqueous 
Globe, even if it were an hundred times bigger than tis vul» 
garly ſuppoſed ; which he expreſſes in theſe few Words; One ' . 
#houſand Decillions., | 1 


— * 


1 C H 
Of Addition an Subtraction of written Numbers. | 


HT do you ſay Addition and SubſtraRlion of written Num Y F | 
bert, and not fimply Addition and SubſtraRion ? | Wi 

Becauſe tis a very hard matter to collect into one Sum, 
Numbers expreſfs'd by Words, or conceivd only in the Mind, 


— 


J. 


unleſs they are very ſmall ones, or compoſed meerly of Units, 
1 or of the Digits, b. e. of thoſe Ten, or rather Nine moſt ſim- _; 
iþ ple Numeral Figures, One, Two, Three, Oe. incluſively, 
11 unto Nine; which Addition or Subſtraction of ſimple Digits, 
14 zs alſo here ſuppoſed to be known, either naturally, or by a2 
l #1. ſhort Practice in it. = 1 
Ts 2. On what Rules, then, doth Addition of greater Numbers de- 
Wl fend „ 8 ö 
— 11 Fif?, That thoſe Numbers be written down; and, Secondy, 
11 | hat they be ſo written under one another, beginning from te 
. Right Hand, that Units may anſwer to Units, Tens to Tenz, 
bill Hundreds to Hundreds, &c. Thirdy, having drawn a _ & þ& 
1 : under 


8 
Ty 


— 


Of ADDITION. 11 
e leaſt under them; that the Sums of the Unite, Tens, Hundreds, 
e evi= Pe. (every Column being ſum'd up as if it conſiſted of meer 
s Me. "1 nits) be all of them written under their proper Columns, if 
Num- Dey exceed not Nine; as may be ſeen in theſe molt ſimple 


4 amples. EE 
4 9 76 124 3748 
000, of 0 $3 465 Fa 


=_— = » 

here in the Firſt Example, 8 and 9 make 17; inthe Second, 
Is and 6 make 9; and 2 with 7 make alſo 9; and fo in the 
3. But what muſt be done when the Aggregate, or Sum, of any one 
Column exceeds Nine ? cp | 


which it properly belongs) and the ſame thing is to be obſerv- 
ed in all the other Columns, except the laſt, whoſe whole Ag- 


te is to be written down, bearing nothing of it in your 


. Mind. To this Rule may belong the following Examples: 

, 5658 

a 1 07 358 37% 

nd, 1 2s 76 - - 975 4283 

nits, i — A 17864. 

m. 67 163 1340 

ely, n | 5 28177 

2 In the firſt of which Examples, beginning at the Right Hand, 
Is and 9 make 1; therefore under the Line | write 7, keep - 

ing in mind the Unit prefix'd to it (which in reality is Ten) 


| which afterwards I add to the Column of Tens as an Unit, 
faying 1 and 2 make 3, and adding to theſe the remaining 3, 
, they make 6, which is to be written under the Line, and 


cares 


in ww. Tuvenile Arithmutick + :- Y 
tees joyn'd to the remaining 3, make 6 Tens which is 6 
lil wonderful Abbreviation, In the laſt Example, the Sum of the | 
Wil | firſt, or the Right Hand Column of Figuers is 17; therefore 
Wl I write 7 under the Line, and in the mean time I bear in 40 
1 Mind the Unit, (which denotes Ten) and ufterwards I add 1e 
to the Tens of the ſecond Column, (which at the ſame time 
Iceonſider only as Units) finding its new Sum to be 27 (ü 
Decads;) therefore writing 7 under the Line, I add the re- 
maining Two (which in reality ſignify two Hundred) as fo 
many Units to the next Column of Hundreds, and ſo on. Af. 
ter this manner, treating each Figure of every Column, . as 
conſiſting of. ſo many Units; then the ſame Figures being de- 
cently added and ſubſcribed, do realy ſignify and expreſs their F;. 
proper Tens, Hundreds, and Thouſands, according to the r. 
arbitrary and wonderful Rules of Notation already eſtabliſhed. 3 
4. What are the chief Rules of SubſtraQion ? = 9 
Fir, Here alſo in the Digit, or ſimple: Numbers, there is 
no need of Writing; but in greater Numbers tis more hard 
to perform Subſtraction without writing them down; and 
therefore, Secondly, the Subtrahend muſt be written ſo under 
the other, from which tis to be ſubſtracted, (beginning here 
alſo at the Right Hand) that Units may anſwer to Units, Tens 
to Tens, Gc. Thirdly, in any Row of Numbers whatever, te 
lower is to be ſubſtracted from the upper, if it be greater, and 
the remainder is written under the Line, as may be ſeen in the © 
following Examples, (which were made uſe of above in t 
ſecond Queſtion) | 5 a 


a 199 - 0 
8 465 


| 9 ..76 134 | A 
where, in the Firſt a 8 ſubſtracted from 17 leaves 9 ; i 
in the ſecond, 3 from 9 leaves 6, and 2 from 9 leaves 7, 
there Units, here Tens, and ſo in the reſt, = 


4H 


5. But 
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Of $SUBSTACTION. 13 
5. Bus what muRt be deve when the upper Figure 6 lofi than the 
ö 1205 


_—_ 


If the lower Figure be greater than the upper, we muſt 
wrrow, or take an Unit from the next u igure, (which 
nit denotes a Decad, or Ten, in 1 of that from which 
ee lower ought to have been ſubſtracted) and from the Sum 
Sf this borrowed Unit or Ten, and the leſſer upper Number, 
e lower Figure muſt now be ſubſtrated, and the Remainder 
Af. nut be written under the Line: Afterwards, that next upper 
. as Number, from which the Unit was , borrow'd or taken, muſk 
' de. de cltcen'd as leſſen d and diminiſh'd by the faid Unit; and 
heie hen the reſt of the Work mult be perform'd as in the prece- 
the ing Examples of this Rule; and to this Rule belong the 
bed. following Examples, which are the Converſe of thoſe above in 
be Third Queſtions | 5 = 
WM a = 25 28177 
n | 2 > 


55 | N © 17004.” 
, 
1 Pri 4 | -” | ee e, 4283 
— O— 
We. 4 
372 
1 1 
n the Firſt of which, 8 from 7 cannot be ſubſtracted, we 
muſt therefore borrow 1 (that is one Decad) from the next 
following Figure towards the Left Hand; then the firſt 
Number and 8 being ſubſtracted from 17, the Remainder 9 
muſt be written under the Line; and then 2 ſubſtracted from 
RG, leſſen'd by Unity, . e, from 5, leaves 3 to be written 
under the Line : 80 in the Laſt Example, 4 ſubſtracted from 


1 
4 * L 
T_T." 
to 
7 


* 
[i 
£1 
"a 
"8 


F £4 leaves 33 6 from 7 gives 13 and becauſe I cannot take 8 
ut of 1, I ſubſtract it from 1.2, and there remains 3 ; more» 
over 7 from 7, becauſe 8 being before leſſen'd by 1, is equal 
"= +; 82 © ; and I from 2 gives the Remainder 1. Now 
if from this whole remainiug Number, you would alſo ſub- 


ſtract 


14 Tavenile Arithmatich : 1 
ſtract another Number, vi 42.8 3, one of the Numbers add. ſh 
ed in the laſt Example of Queſtion the 'Third, the Remainder 1 kc 
will be 6030; and if from this alſo, you take 372, being the 
third Number from the bottom (of the laſt Example of Queſti- 
on 2d.) there will remain ar laſt 5658, which is the upper | 
moſt of the Numbers that were added in the faid Example: ll 
So that "tis a ſure Sign or Proof, as they call it, that Addition is truß 
perform'd, if from the Sum there be fulſtrafted either One, or 41, i 
but the uppermoſt of the Numbers added, and the nppermoFt remains : 
or alſo, having ſubſtratted the uppermoſt, and nothing remains; and 
on the contrary, if Subſttaffion is righth amd; of the Remain« | 0 4 


* | 
7 


der and ſulſtratted Number being collefled into one Sum, will give that k = 


* 


* 
1 


Number from which the Sulſtrachiom was mds. = 
6. Is there not another oulgar Proof of both theſe Operations ? 8 
There is fo ; and that is, that having fint{h'd the Addition, 

you caſt away Nine, as often as it can be found, from the Fi- 
gures of the Sum, eſteeming them all as meer Units, and ſet. 
ting down the Remainder, if there be any; and the ſame is 
done afterwards in the Numbers added together; then if either $ 
Nothing, or the fame Number remain on both Sides, it is eſ- FP 
teemd as a Proof that the Operation is rightly gym In a 
ke manner is Subſtraction proved to be right, if firſt, trom the 
greater, or the Number from which you are to ſubſtract the 
other; and then from the Leſſer, or that which is to be Sub. 
ſtrated, together with the Remainder, having caſt away & 
* as it can be found, the Remainder will be the ſame in i 
7. What muſt we judge of both theſs Forms Prof? ie 
The Latter may deceive one, but never except in th Caſs, 
| where it happens that an Error hath been committed inthe Opera» i 
non, which is equal exactly to 9,taken once or divers times; The 
firſt is infallible indeed, but a little laborious; and i any one will I 
repeat the firſt Operation, that he may the better be affevet! of 
its exuctneſi, either by himſolf, or with another or many, work- | 
ing it over ſeparately, the Equality of the Suns, or Remitiriders 
found by them all, will declare the exactneſs of the Operari: 
on; and their not agreeing with one another, will 1 i 


Of 8 S$UBSTRACTION, ng 
— . of he Accomprants, Which may 


—— very eaſil 


3. I have one Queſtion m 16 ach; e leſi than 
© lower, and the next 0 be o, or a Cypher, from which alſo 


bing can he talen, wh be done then d 


Unity is then to be taken from the next following Figure, 

zhich Unit ſtands for a Hundred, or if it be taken further, 

„: WT bouſand, &c.) the ſaid 1, together with the antecedent 

and | pber, making Ten: We again from this Len borrow 
£1 1 ((v 2 that Cypher afterwards degenerates into Nine, as 

9% the antecedent ones, if there was never ſo many of them) 

311 "= | 2 3 en ly cm wee is to be perform'd after the ufa way, 


bo lou 2884 will clearly illuſtrate the thing: 
1 102 2046 3200004, 
A 1378256 
3 — — —— — 
„ 1888 1821748 


G the 57 of which, 8 from 2 can't be ſubſtracted, neither can 
* by thing be borrow'd from the next following Cyphers ; there · 
** I take the Unity next to the Left Hand, which now, with 
Cypher, denotes Ten; from which Number, r may now 
taken and be joyn'd to the firſt = ; ſo that 8 ſubſtracted 
4 om 1 2, there ke to be written under the Line ; and 
1 I en ſince the preceding Ten, lefſen'd by Unity, is wand but 
© > (and therefore muſt be conceived to ſtan in the place of 
Ne Fa — 5 9 from 9 leaves Nothing: Likewiſe, in => 
5 4 xample, ſi 


nee 'tis impoſſible to fu ira 6 from 4» 
| > borrow ren any {rn ey the adj n Cyphers until the oy 
«lt nit from the figniticant Figure 2, makes 
1 x at's all the Ri Hand Cyp hers, —— r from 
NY ery Ten towards the Left Hand, hich afterwar erg 
un co 9) may make 10 alſo ; Therefore ſubſtractin 3 
WF I write the Remainder under the Line; then I ſubſtract all 
Pe under Figures from the following C * which in the 
4 7 Penn time are turn d from Tens into Nines) ſaying, 5 from 
1 1 1 from 9, Ge. writing the Remainders, 4, 7, 1, 2, un- 
er the Line: Then when I come to ad der Figure _ 
whic 


16 Juvenile Arithmetih: 
which cannot be ſubſtracted from the upper one. 2 being alſo 
leflen'd by Unity, I ſubſtract from 11, (Unity being at the 8; 
fame time taken from the adjoyning 3) and write the Remain- 


der under the Line. Laſtly, I being ſubſtracted from the re- . 


maining upper Figure (now 2) leaves 1, which is alſo to be 5 


written under the Line. 3 


0 
| 8 
8:35 ; * 123 o* I 


Multiplication 4-4 Diviſion of written N. umbers. i 


1. B Y what Rules is Multiplication of large Numbers perform 
Firft, Tis alſo ſuppoſed in this Place, that the Multlplicati- Wi 
on of Simple Numbers, or Digits, is to be perform d by the 
Mind, rather than in Writing, from the Pythagorick Table, Which 
ought to be learned by heart perfectly, becauſe of its readineſ "3M 
in Operation; after that it has firſt been well compoſed by 
your own Judgment, (which I would adviſe you to by .all 
means) which may eaſily be done; ſince in the lefler Digits, (a ul 
how much is twice 4, or three times 3, Go.) the thing is na- 
any known ; in greater Numbers, the Product of any 'I'wo ll 
| ts eaſily found, by a ſucceſſive Addition of the Number to be 
multiplied to it ſelf 5 (for Multiplication is nothing elſe but a 
_ continual Addition 5 as for Example; If at the firſt ſight I 
cannot preſently ſee how much 5 times 7 make, yet 1 eaſily i 
ſee that 7 and 7 make 14; afterwards, by adding to theſe i 
7, it makes 21; moreover, by adding 7 a fourth time, it 
produces 28; and Laſtly, being added a fifth time, it com- 
| «right the whole Product 35, Ge. Therefore, if any One Wl 
ath learned by Heart the whole Table, compoſed by him- 
ſelf, and either written in a continued Series after the vulgar "i 
Method; or more artificially compacted in one of the fol. 
lowing Forms, and hath made it very familiar by often repeat- Wi 
ing and exerciſing it: Then, Second, Being about to multi- 
ply a great Number by a Digit, or by ſome other great np: 
185 | , 


- Of MYLIEIPLICATION. 17 
z alſo under the greater, as the Multiplicand let him write, {for 
t the b Fir greater conyenieney for otherwiſe it would be the fame) 
nain- 8 lefſer as the Multiplier, beginning alſo on the Right Hand, 
e re- H Ucits may be placed under Units, Tens under Tens; and 
o be ig drawn a Line under them. Third, TH 


8 


acus Pythagoricus: Or, a Large TABLE of 

57975 Ts Ip ultiplication 224 Diviſſon, 

1 E24 „S677 | 10 

bert. X — a : — — | — ___ 

3... 468 101214161820 

forme ; 18 | 5 1 F | 
8 


911215182124 | 27 | 30 


28 132 36 4% 


35 40 45 50 


42 48 | 54 | 60 
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7080 | 90 oo 


A Shorter 


Jevenile drithmetick : 


: Fg | | : E 
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3[a[s|6[7|8 Tel] 
OOOMRAAE 


4 = 24 | 28| 


5 | 25 | 30 | 35 | 40 | $2 
; „ 
- FR. 3 LA . 


TH | 90 f 
7 4 
— 
3 | 
10 oP 
* I 8 | 


N- B. The * of theſe Tables, een 8 from! the 6 Mag 
tor ſoug bt in the Left Side towards the Right Hand Horizontally ai 
from 1 Multiplicand found in the upper Row perpendicularly ly dov' [| 
wards, the place where they both meet will give the Product of . 

| Mulziplication. And if from the Divifor in the Left Side, 

| proceed to the Dividend, or that which 1; neare#t to it on the Squai 

from thence vertically aſcending , you will find the es of (A 
Diviſion in the upper Rem. p 


FRE 


-<Y 3 — x 


— 
— 


birdy, The firſt Figure of the Multiplicator is multi 1 1 
in order, into every Figure of the Multiplicand, and df 
Produets (taken from the Pythagorick Table) are ſubſcribed ati 2 | 
the ſame manner we have done in Addition. Fourebly , I 
following Figure of the Multiplicator, if there be any, mi 


be * d into every * of the Multiplicand, alu 1 


5 


07 MULTIPLICATION. 1 


5 5 1 ning to write down the Products under that Figure of 
| my which you Multiply by. Fifthly and Lafth, 
— particular Products, if there be more than One, muſt be 
k 10 Ak cred into one Sum, that we may have the whole Product 
— 7 0 Take the following eaſy Example; 

20 43 a2 2008 51232 
E 2ͤ = <2 49 
2 88 1296 4624 102464 
40 864 6936 51222 
g hy, — 2312 1024364 

Jo 1 9936 — 153696 
| rs £ „ 30514 ͤß x 
Rl 164557184 


e firſt of which 2 multiply'd by 3, pe the Product 6 ; 
in. the ſame 2 multiply d into 4, gives B, both to be written 
Wc the Line, in the third, 2 by 2 give 4, 2 by 1 make 2, 
—4 /1 3 produceth 6, and again, 2 by 2 produceth 4, all of 
| | | 1 h to be written in order under the Line, beginning direct - 
9 nr rg the _ which we Multiply'd by. Next, the 
10 d Figure of the Multiplicator being multiply d into 2, 
| rc of the Multiplicand, Pproduceth 6; to be written un- 
a, the Mark of the Multiplier, with which you are now 
x 2 and ſo all the Produce being written in their orders , 
1 ſt 2 into one Sum, wi * the en Product 
4, Ge. 


But ſuppoſe one particular Produl exceed: Nine { which hath 
＋ AS P | Pd yet in any of the Examples, excepe in the Figures next 
7 i I E Hand, whoſe Product. are written down entire) * muſt 
„eben? 


he firſt five Figures towards is Right Hand of 15 Pro- 
is to be written under the Line, ba the Left Hand Figure 
th be reſervd in Mind, and anon to be added to the next 
— aft pate lar Product ; which now may be underſtood by the So= 
5 . of the Firſt Queſtion, Numb. 3; ſince we have faid, that 
y, mi roduets are to be written down after the ſame manner as 
alwißß have done in Addition. S 
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duct of 5 into 8 is 40; therefore I write a Cypher under tt 


Mind, fo that the whole is 19; and becauſe this alſo exces' x4 


— — ä — — . - a * — * 
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N. B. Admirable indeed is thi Artifice ( which few People cad, 
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A 759 BE 6938 
by 46 | „ 1 

.  $6ev 
3036 2203614 - 

48566 


2 = $099430 | 


In the Fi irſt 4 which Examples, - Multiplied i into 5, mal 1 
35 3 therefore I write 5 under the Line, and reſerve 3 in 1 
Mind, and afterwards I add it to the ſecond particular Produdlf 
made 'by multiplying 7 into 9, h. e. 63; fb that it becom 
equal to 66. In the Third Example, the firſt particular Pu 


Line, aud reſerve 4 in my Mind; then having taken the Pu 
duct of 5 into 3, viz. 15, Ladd to it the 4 which 1 kept if 


9, I write 9 under the Line and reſerve 1: In like manner i 
new Product of 5 into 9, that is 45, I add the Unity L badi 4 4 le 
Mind, making it 46, the firſt Figure of which Sum, or Pn f 
duct ( 6 ) I write under the Line, reſerving the latter i in 1 


9 
Mind, to be added likewiſe to the next Product, and fo on. 'F 5 


of the Inventer of the Figures which we now make uſe 2 7 8 
, this their arbitrary Diſpoſition, by which it bappens that altho in a 
Fot 9 Series, they denote Units, in the ſecond Jens, in the third Eu 
dredi, &c. yet they may ( negleing this their true value, or 
leaf 9 it) be conſider d meer Units, and their 9 bu 8 
or Remainders, or Products may be expreſs d in Wards, as the I "= 
mainders, Sums and Products of Units and fimple Digits; and) | 3 
in the mean time being written in en due nw, they a | 


their true Value. 


3. — — 


They have indeed forme vulgar Rules , which ma 8 
| Lazy ones, becauſe _ are fred for thoſe that won't tun | 


1 Of DIFISION. * 21 
* cation · Table, which I ſhall not mention here, being 
| 9 r . "if nat more, burthenſome to the Memory than the 
_ Tab e it ſelf; yet it will not be amiſs to obſerve the following 
J . F5r#, H the ſame Figure happen to be twice, or oftner, 
ee Multiplicator, the — firſt produced by that Fi- 
| * . is alſo repeated as often, and written only in one place 
F. or towards the Left Hand. Sccondh, If any of 
Figures of the Multiplicator happens to be an Unit, the 
ltiplicand it felf is written down inſtead of the Product. 
. Multiplication by 1, with any Number of Cyphers af- 
tit, as by 10, 100, 1000, Gc. is perform'd by only ferting 
1 | _ C yphers before the Multiplicand as there is in the 
1 Y 0 N.  Fourthly, But if che Multiplier be the ſecond Di- 
as in 20, 200, 2000, or 30, 300, 3000, Ge. the 
Multiplication i is perform d only by the ſignificant Figure 2 or 
3 5 and to the Product towards the Right Hand, muſt be add- 
0 many Cyphers as there were in — Multiplicator. Fifibly, 
eg latter Figure of the Multiplicator is double, or triple, of 
e the Product of this firſt is only doubled or tri- 
4 ple I, Ce. But you muſt begin to ſet it down under the latter. 
* Maſter will give Examples of theſe Cope 


ples. "_ 


. What are the proper Rules of Diviſion ? 


4 755 Simple Diviſion of Digits by Digits, or conſiſting at 
1 ft of but two Figures, is ſuppoſed to be known Naturally, 
5 the Pythagorick Table; for if any One ſhould ask V. G. 
F þ wy many times 5 contain d in 49, tis very plain to him that 
Wh learned the Table, that 5 multiply'd by 4 produces 40; 

3 * 9, 45; and t +erefore 5 is contain d Nine times in 45: 
any One -{h=:49 ak, How often is 7 contain d in 65, 
is mantel from the Table, that 7 times 9 make 63 
3 certain, that 7 is contain d 9 times in 65, and that there 
nains 2, 'and fo in other Examples of this kind. Secondh, 
erefore if the Divifor be a Digit, or a fimple Number, and 
„Dividend compounded of many Figures, the Diviſor (in 
rv» of Serateb'd Diviſion) is ſet under the laſt Figure, or that 
rt the Left Hand of the Dividend; or if this be leſs than the 
"ior, under the laſt Figure but one ; and then we ask, How 
MAY | C 3 often 
3 | | 
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1 Juen Aridhematich ; 


often tis contain'd in the Figure, or Figures, ae Written 


either exactly, or as near as can be, and the Quotient, oY 


7 ought never to exceed 9) being written after the crooked Lin 
is multiplied into the Deviſor, and the Product is ſubſtradte 


from the Figures ſtanding gver the Diviſion, the Dividen! br v 
which afterwards muſt be cancell'd, and Remainder, if there b 
any, muſt be orderly ſet over them. Thirdly, This Operatia i 
being finiſh'd, the Diviſor is moved one Place, at leaſt, nean . 
to the antecedent Figures, or towards the Right Hand, an 
the ſame Operation is repeated. | Theſe any ſerve for Eo 


amples. 


3 Er 
1 (3 87 cal 1792 (24 x344(192 
2, 83 7. | 
rhe fame Example being work'd after our uſual . ui L 8 
ſtand thus; 1 1 8 


35903 908 | B)192(24 
= :----M 16 


. 32 
32 


"W 


Fourthly, But i the Diviſor alſo conſiſts of many Figures, we 3 : 
muſt chiefly mind the laſt, or that next to the Leſt Hand (0 


as oſten as this can be had in the Figure, or Figures -writtey = | 
over it, ſo often alſo, or thereabouts, i is the Diviſor had in che 1 
whole Portion of the Dividend written over it.) I fay ther 1 


abouts, becauſe that this Method holds not exactly true, ard 
therefore, having underwritten, as before, the Figures of 1 9 


Diviſor, the laſt is compared with thoſe that anſwer to it in te. b 
Dividend; and having regard to the following Figures in ü 3 3 


Diviſor, which are afterwards alfo to be multiply d. and theirProl 9 2 


duct to 'be ſubſtrated from * correſponding Figures in ti 


Dial 


LY 


written ridend, and is ſuppoſed to be contain d once, and ſometimes 
ee chas once lefs in the upper Figures, than preciſely'; it 
gad be had, it it were alone; fo that the Product of every 
re made with 'the New Quotient may be ſubſtracted from 
ppermoſt Figures of the Dividend; which may be eaiiſy 
erſtood by frequent Tryal; Examples will clear up the 
7 » | 
DO Ph 2 
- .8:(3 STI 768 
x8 67560 18 834 
1 34 24621( 29 
3r _ 8499 
 _ — 
1 the firſt of which, ſince 48 is to be divided by 16, the firſt 
ay, vi ure of the Diviſor, 1 is ſet under the firſt Figure of the Di- 
MP eend, becauſe this is greater than that; for Il can be had in 
and from thence it may be ſubſtracted four times, if it were 
Mee; but becauſe the following Figure of the Diviſor, being 
= tiplied by the ſame Quotient 4, the Product 24, cannot be 
ſdtracted from the remaining Figure 8; therefore | take the 
otient 3, by which having multiplied Unity, it produceth 
to be fubſtracted from the upper 4; fo that there remains 
co be written under the cancelld 4: Then the other Fi: 
Ire of the Diviſor 6, multiplied by the ſame 3 makes 18, 
theſe ſubſtracted from the upper 18 leave nothing. In the 
ird Example, where 24621 is to be divided by 849, and the 
tFigure of; theDiviſor is greater than the firſt of the Dividend, 
refore I put that firſt Figure under the ſecond of this, h, e. 
d d under 24, and the reſt on in the fame Line; then, altho' 
ritten g may be had 3 times in 24, I put but 2 in the Quotient; be- 
uſe 8 multiplied by 3 makes 24; which being ſubſtracted 
om the upper Figures leaves nothing, but the ſecond Figure 
lowing (4) being to be multiplied by the fame 3 makes 
, which can't be ſubſtracted from the above written 6, Ge. 
che Quotient 2 into 8 produceth 16, which ſubſtracted from 
tb. {4 leaves 8; and again, 2 into 4 produces 8, to be ſubſtracted 
m 6, with 16 borrowed from the next Figure, b. e. from 
6, fo that 8 remains, and the other 8, from which alſo was 
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working downwards, as before he obſetwd making His Zub 


V ritten __ the Fi igure 6 of the! Dividend 2 : "Laſtly, twice 7 


24 © 1 Avithwmetich- on 7 , 
taken Unity, is equal to 7. La#th, 2 into 9, the laſt Figure" 1 
of the Diviſor, makes 18, which being ſubſtracted as above, 
(5x. 8 from 14, the remainder-is 4, and 1 from 7 there t. 
mains 6) leave 64; and f having. finiſh's the . firſt Operati- % of 
on, move the Diviſor forwards one Place towards the — b 
Hand, and repeat the ſame Operation as before, viz. asking p: 


how many times $ is contain d in 76, which is 9 times, Go. 


5. But doth not this continual Cancelling of the Figures beget 4 4 1 1 
Confuſion, and is there not another way of Diviſion without ſuch 4 1 N 


| blotting out of the Figures? A 3 1 


There is no Confuſion at all to be fear, if we EN but ule A %« 
our ſelves, by a repeated Exerciſe, as much as we can, to write A | 
one Figure above another, perpendicularly and at convenient | 1 
Diſtances; and this way, if we do but once accuſtom our ſelves to 
it, is more expeditious and ready than any other whatever, But 1 
if any one had rather uſe himſe —— more diſtinct way, 1 
but ſomething ſlower, let hi EE the fame Directions, Y 


ſtractions upwards, viz. after the following Method, | 
Let the Di vidend be the middlemoſt upper — and Y 4 
write the Diviſor 849, not under, but 

849) 24621 (29 apart on one fide, The firſt Figure of w 


1698 the Diviſor (8) is conceiv'd in the Mind, » p 

— uncer the ſecond of the Dividend, (becauſe "| u 
764 the firſtis'tos little) and I ask, ab above, 
7641 How often I can have it in 24 which! 
— take but twice; and then the Quotient 2 
0000 is written under the Diviſor behind the 1 


crooked Line: Then multiplying the J | 
whole Diviſhe by the Quotient 2, its whole Product is- written 1 | 
downwards under the Figures of the Dividend, beginning Þ 1 
under that Fi igure to which the Right Hand Figure of the Di- » 4 
viſor (if it were written down) anſwers, vix. after this miner, | 
twice 9 make 18; therefore writing 8 under 25 the Figure of 
the Dividend, the remaining 1, or rather 10, L keep in my 8 
Mind, as is wont to be done in Mulriplication, and ehen I 90 4 
on; twice 4 make 8, and with the Unit | Erried 9, to de 


. by " 0 
8 a c 1 8 | 
m 18 N 
A. v, A 
_ 
3 7 
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I Of DIY IS TON.” 25 
Mnake 16,to be written down in its Place ann nn 
above, ine under, I ſubſtract the whole Product 1698 from the 
„ ures of the Dividend ſet over them, after the common way 
EB ubfraction, 2nd te Remainder 1 wrie under the Line: 

' Ripht us having finiſh d the firſt Operation, I conceive the Divi- 
| co be moved one place forwarder, as 8 under 6 in the 
Imainder,' 4 under 4; 9, laſtly, under 1 the laſt Figure of 
Dividend, taken down and placed after the Remainder un- 


U 1 


pſtract; fo that in this Example nothing remains, and thus 
the whoſe Diviliori is duly perform d. os 


J 4 ban the Diviſor c 
» and 2 Vou have guelt right, that if any thing remain after the 
7, but iviſion is over, that ought to be leis than the Diviſor ; for if 
ire of exceeds it, tis a figh that the Quetient-in the preceeding O- 
Mind, ration was taken too little. Now with this Remainder, if there 
ecauſe "= any, we muſt do this, it qught +o-be-joyn'd to the Quoti- 
above, It already found, having firſt ſubſcrib'd the Diviſor, and drawn 
hich 1 Line between them. Ex. gr. If 24638 were to be divided by 
— as as before, the Quotient (work which way you will) will 
id the | 
- Ben awing a Line, and writing the Diviſor under it, (thus $53 
Fritten 


0 , 7. Fithout: douhe lar, are alſo ſome Compendions Rules in Di- 


—_” 7 | 
"I * 


n my There are ſo: Ahd indeed, Fir, This ought chiefly to be 
go ted, that whereſaever, either in the middle, or beginning 
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over a Nought, or Cyptzer; neither ought this at any time to 4 9 
be neglected. Secondly, If the Diviſor conſiſts of Round Num- 7 


bers (b. e. ending in Cyphers) the Cyphers that are under the 


Right Hand Figures ol the Dividend may be rejected, and the * 


Diviſion perform d with the other ſi Heant Figures. | Thy, | q 
If the Diviſor be 10, 100, 1000, Oe, the Diviſion is perform'd || 1 
by cutting of ſo many Figures from the beginning of the Diri- by 
dend, as there are Cyphers annex d to Unity, | Fourebly,, if the 
9 Digits be written down in their order; and if the Diyiſor be . 
written right againſt Unity, againſt 2 the Diviſor doubled, a- 1 
gainſt 3, the Diviſor tripled, Ge. that ſo a particular P;:bago- 
rick Table may be made; the Dividend, or the next leſſer 
Number being found in this Table, ſhewerh the Quotient over Y 
againſt it, and that Number is the Product of the Multiplica- | 
tion of the Quotient into the Diviſor, Which is to be fu ſtra - 0 
Qed ; For the Diviſor doubled, if it be added to it ſelf, and 
tri pled if it be added to its double, Oc. This Compendious | 7 
Method will chiefly be in ufe in the other way of Diviſion, * 9 
taught in Queſtion 5. Take — Examples. \ 


Let it be required to * 6 
Divide DY nr 12 * 3 


Lint mn ee 1207 .— " 
. 590 100 | © 


Let 24621 (as in Queftion 5. to A 
be Divided by 849. Fr | 1838 * us| 29 


Of the Square «hd Cale Rofl. 27 


C H A P. IV. 
. Extraction of the Square and Cube Noot. 


en 
formd 


 Divi- 
if the | 4 


i HY, in ehis Place, do you treat of the Extracting of Roots 2 


| Becauſe the Extraction of Roots is nothing elſe but a cer- 
in Species of Diviſion, differing only in this, that the Diviſor 

2 h is given in Vulgar Diviſion, muſt firſt be found here. 
iplica- 1 


Pon if 2. What do you underſtand by the wird Root ? 
ra- i , 


: * 3 0 * Number whatever, (as 3, 5, 16, Co.) which being 
inns | 4 ace multiply d into it ſelf, produceth another Number, (as 
viſion, L 25. 178 call'd its Square; and alſo multiply d into this 


quare, uceth a third Number (as2 12 996 
1 | ib Talat Cube. ; 7 4 4 ) 


| 1 F: (3 What is the Reaſon that theſe are caled N82 vu of the 
1 Tua if vg. 3, be me by it makes 9 ; which 
Number (according to Eclid's being xpreſ'd by 
+ ints only, e may be diſpoſed into the form of a Square ; 


t leſſer 5 
t over * 1 


—— 


and 


| Hand Figure of the fad Claſſis, and then the' Diviſor being 


and if the Square be again multiply d by 3, that is, repeated 
3 times, it repreſents the form of a Cube, after this manner. - 


5 
5 


” 
£8 


4. Tell me then, what the Extraction of the Square Root is ? 

Firt, The given Square Number is . into Claſſie 
or Parts, by aſſigning two Figures to one Gaſſis, and begin- 
ning alſo at the Right Hand, Secondþ, From the Clafſis, or 
Part, next to the Left Hand is ſubſtracted the next Square 
Number leſs than it, or equal to it ( if this Claſſis be a Square 
Number) by help of the following Table ; and its Root bs 4 
written behind the crooked Line. Third, The Quotient no, 
found is doubled, and put as a Diviſor under the Left Hand 
Figure of the following Claſſis; and having made the Diviſion © 
after the uſual manner, the new Quotient muſt be written be» 
hind the crooked Line, and alſo ſet down under the Right 


found, we muſt proceed as in Common Diviſion ; and this O- 
peration muſt be often repeated as there are remaining Clafſis, 
viz · always doubling the — Quotient written after the 
— Line, and taking this Double for a New Diviſor, 
0. | . 1 . 


"x * 


3 
"WS 
> 

(23 


N 1 

1 : 

* 4 
1 60 15 


A TABLE of the Simple Roots. 


— 


Roots 1142 4 F HUF 


Squares. 14. 16 25 36 49] 64] 81 
] Cubes 106 712729 


1186429 163412729 


' 


x 2 

3 176 (2 

1? in the Second Operation, the Quotient 2 written after the 
Claſſis | frooked Line is doubled; and 4, the Double of it, is ſubſcrib'd 
begin- nder 7 the Left Hand Figure of the Claſſis following, towards 
Tis, or he Right Hand, as a new Diviſor, which in the over- written 
square Figure 17 may be hag 4 times; therefore 4, as a new Quo- 
Square ent, is joyn'd to the former Quotient 2, and is written alſo in 
oot is Ne vacant place of this Claſſis under 6 ; fo that this will be the 
t now orm of the Numbers; Bu 8 


297521 1 | 3 13 
zwilſion 1 1 — $76 ( 24 


n be- 1 T5 3 76 (24 e 
Hd RR 

being 1 13 PHY 44 17 8 „ 

his O. Therefore having multiply d the new) Quotient 4 by the Divi- 
Jaſſis, or 4, the Product is 16, which ſubſtracted from 17 leaves 1 ; 
er the and having, in like manner, multiply d the Right Hand Fi- 
iviſor, |. "oE ure of this Second Claſſis by the ſame Quotient 4, there will 


* 
As 
8 


gain be produced 16, Which being ſubſtrated from the upper 


N 
5 WO o -0 o - 

s leaves Nothing; which is an evident ſign, that the Num- 
Peer propoſed was an exact Square, and therefore the Quotient 
1 NE TER. ; | 42 2 3 
und to be 24, and written behind the crooked Line, is its 
Likewiſe the other Number 11 | 90 | 25 already divided 
into its Claſſis, or Parts, after thetfhirſt Operation, (again, noe 
be repeated) will ſtand in the following Form. 


- SR. 
var 
- -, ER 


4 


"_ Aricmtichs 2 
11 1902 1 0 3 


ls 90 25( — — 
9 92 
Aer che Second Operation in this Form : L 
"Iz ! 1258270 34 


| 2\ 54 5 
| 17 9 25 (54 — 1 
Wh. EE 60 290 7 
191.48 In the Third, the whole Quotient ( 34 ) being doubled makes 1 
FW 68, and will be a new Diviſor to be put under the Left Hand 170 
it igure (2) of the Third on | er this manner: : 
10 129625 ( 34 
1 + = RAS WM | 
i „ | 
"it 1 5 (34 | 64)290 : 
Fil! 9164 8 266 


" ? : I 
D : 
* * 
U 5 — 
- 
| 


14 LI | 686)034 


ö Wh) The Left Hand W 6 of this Diviſor, ſince it can 
in 34 five times, this New Quotient F is joyn d to 
behind the crooked Line, and is alſo ſet down 


_ Place of the Claſſis, ſo 1255 the ae 
t us „ f 


— 


. —— —— ——— 6" * 
2 * — - 


— 
< — — 


3 — 
— — . — 
\ 


11903534 
% OD 

2 FM 5 | 69029 » 
19 | 290 

9164 wo „ 


1 * > 
CD * 


e 685) 03427 
3 — 
© "Therefore ſh 


- SF herefore multiplying the New Quotient 5 by the Diviſor 68, 
ere will be por 40, which ſubſtracted from 342, leaves 
and the ſame Quotient multiply d by the Right Hand Fi- 
re of this Third Claſſis, makes 25; which ſubſtracted from 
remaining 25 leaves Nothing; which is alſo an evident 
n, that this propoſed Number was an exact Square, and that 
e Quotient found and ſet down behind the cropked Line, is 


true Root, 


_ 6. But ſuppoſe the Number given be not an exaft Square, what 
uf be done then? —0o 5 2 3 . | 
Wh It will follow, that the Root can never exactly be found, and 
at ſomething of the given Number will remain after all the 
| @perations are over, whoſe Value may be had more exact infi- 
ely, in Tenths, Hundreds, Thouſands, Ge. yet can never 
ching to be wonder d at) be exactly found. 5 


K 


* 


{I 
#6 
1 
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& 
Vs oo 4 10100 
06 | | r | 
2» -SOLo0 -- - -R- 5 

wy 44)179 
176 


13 | F790 9 8 
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| | A 
aving therefore to this Remainder annex d two Cyphers, and 
7 doubling the Quotient, having found the New Diviſor 48, 
plain, that this is not contain'd ſo. much as once in the 


crwritten 30 ; and therefore writing a Cypher after the 
= [t Quotient, tis evident, that not even Tenth Part of Unity 
mes into the Quotient more than was in it before; and 
; erefore Cancelling the Diviſor, juſt now found, I' make a 


eu Claifis, by adding two other Cyphers : And again, ha- 


32 2 Yuvenile bes FE 1 
viog doubled the Quotient 240, now increaſed, there ariſes 19 . 
new Diviſor 480, to be written alſo undet the Left Cypher of 

the new Claſſis. Then I ask, How often! 4 may be tad i 
the above written 30? And Gnoe tis manifeſt that it may be 


had, at leaſt, 6 times, I write 6 after the-ctooked Line, viz. i 
adding Six hundreth Part of Unity to the former Quotient, and 
having duly multiply d both the PDiviſor and the new particular 8 
Quotient (which ought to be ſubſcrib'd in the vacant Place of 
the Claſſis ) by the faid Fi igure laſt ſet in the Quotient, and al. 
ſo ſubſtracted he Products in order, this will be the Form of 
the — thus 2 continued: | 'Þ 


re: 06. o6 
or 105 


- 20x 
28 8058 
100 


5 ge 26 
4 44 806 


4 


# 1 I» 
7 


| In which + we wk * d the neareſt Root 24 with e 2, of all 
xs and 285 the new 8 being 1164; which being 
again increaſed by two Cyphers, and a new Claſſis made, the 
Quotient may, if you 2 ſe, be increaſed by forge thouſanth 
Parts of an Unite, and fo be _ more exact; and fo on in} 1 


infonicum, ; 
8. Nhat is the Extraction of the Cube Ret? 


It is the finding out of a Number which multiply d by in nd = 
Square produceth the given Cube, thus, 343 i a Cube * 
Number, whoſe Root is 7, for 7 times 78 49.3 and-7 times Bl 


49 is 3431 when any Number is given to extract its Cube Wl 
Root 1 


| 


mn Of the Square and Cube Root. ä 
11 „ do thus; 1 10 — Em 
>. and every third Figure, as in this 1463631830627 
| in le: 2 I ſeek ** Table of = oY 0 7 
pe; wen SES 
de g for 146, and find 125 next leſs, — 
Root 5 I ſet in the Quotient, and 7521363 
Wract 125 from 146, and there reſts ' 
after which I write 363, being all 150** 
Figures that belong to the next Point. 660 · 
' 4 a New Diviſor, which muſt 8 
f cound at each ſeveral Operation, 2 
ee the Quotient, and triple that 15608 
7 ber; as 5 times 5 is 25; ands?ꝛ⁊ (n⸗ 
23 is 75, which I ſet for a new 81 125755183 


er; then I enquire, How many 


7 can bein 217 Or how many 56784 
75 can be in 213? And finding it \ 7644 
* I ſet 2 in the Quotient, and mul- +" Ra 
ing it by 75, I find it 150, which Fe 


o Places ſhort of the laſt Figure; 5755183 
1 ſquare 2 the laſt Figure in the won... 
4 Jus Rent, which makes 4, and multiply that 9 
eee triple of the former Figure, that is | 


res 5 makes 15, and 4 times 15 is 60, which I ſet one 
rfarther on to the Right Hand, as in the Example. Laſtly, 
oe 2, which is 8, as you may ſee in the preceding Table 
et it ſtill one Place farther, under the Figure 3: Then | 
, of AWthoſe three Sums, and find the Product x 5608, which I 
1 being act from 21363, and there reſts 5755, to which I Annex 
de, the ext 3 Figures, and make it 5755183; and this Work muſt 
zuſanth 6. peated for each ſeveralFigure in the Quotient, the next Divi- 
> on in vill be found to be 8122, by ſquaring 52 or multiplying 52 
. makes 2704, which tripled is 8 1 1a, and the Work will 
08! (repeating the ſame Operation) as in the Example, where 
cs 81 12, which is 56784, is ſet two Places hort; then 
1 pyt ee 7, which is 49, and multiply that by 156, which is the 
. D of ie of 52, it makes 7644, which is ſet one Place farther; 
a Cu FL aſtly, 1 Cube 7, which is 343, and ſet it under the laſt 


* 


7 _— B re, and adding them together they make 5755 183, which 
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„ taken from the laſt Remainder leaves Noting; ſo the Cubs | 
"Th | Root of the given Number is 5237, 


\ 110008 9. But what if the Number propoſed be nos an exact Cubic-Nun 4 fi 
1055 
r ber, but after the Operation is ended, there is a Remainder, * 4 
Wen! 1 muſt be done then ? * 
10 To that Remainder add 3, 6, 9, or 12 Cookin anden 4 
6606 | the Cube Root of it after the fame manner as before; thus, 0 
adding as often as you pleaſe, three Cyphers, you may god 
5 in inſinitum, ſtill coming nearer and nearer to the true Roa A 15 i 
| 401/08 and yet you can never be able to find it exactly; but the Fi 1 
N gures ariſing in the New Quotient will be Decimal Parts ef 1 
10 Unit, and the 55 Decimal Fraction _y be continued toꝛ N 


ll 
{ many Places as Fou pleaſe. s 
1 a 4 L 
4, 0 { : |; y 
7 N 10 35 
* * — 8 _ had. * *** \ * 
f wu * * r 1 
1 , . „ . 
e . + WY 
bs Mir : g 9 " l * 17 1 7 
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1 To perform all the Oprrations, Ae ſpots of, | of, | 8 ug % 
| 011211088 Neper's Rods or Bones, without the help 77 1 4 1 
Py Brice Table. as . 


— 2 —ñä—— 


SZ Coeur 2 


— —. 2 2 — 
1 — — 
- 2 
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oc art < a7 
_ be e.”".. — 
— — — PRES - 


EW I I 
7 — — = 
ds aa 2 
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e by Neper „ Rods or Bones d 4 
8 are ET Columns invented by the No 4 
a very eaſy way, you may perform all Arithmezical Operai 


ble John Neper, Baron of Merchiſton in Scotland, &c. havn 
. proper Numbers written on all their 4 Sides; with eb 

19 1 | ons, without burthenin _ Memory with the Maleiplicatia 4 
1 Table. Some make theſe Rods in the form of Cylinders (kee 4 
I ing the ſame Order of the Numbers) but I find it more com | 
7\ {8 nient and ready to make them of thin Columns of Paſte-bout | 


* 108 2. Shew me then your Plain Way of making theſe Reds? L 7 g | 
1 You may make them of Silver, Ivory, Paſteboard, or WO \ 4 


Mill: 3 with Paper paſted on it ; of ſuch there muſt be an Hundre 5 
Whit and their Loh muſt be ten times their Breadth; On the To * 1 


an! "TH | 
8 5 a 


22 


2 


1 


4 


ol 


— — 


— 8 = a I - - — =" —— —— 
— ——— __——_—_—_ mm 2 CC — — 34 GR te Ft * 


Of the nes and Cube Root: 8 


) . Bottom of every one of which make a Margent, equal in 

phth to half the x Avery of the Colunins; then divide the 
mediate Space i into Nine Parts, ſquare Areas, or Cells, and 
every one of theſe by a Diagonal drawn from the laſt and 
r to the uppermoſt Corner; fo ſhall they be prepared and 
sc have the following Figures (which | ſhall mention a+ 
=D written on them, (See Fi Fig. 1.) and alſo obſerve this, 
eus better to fit a great many together, than to Figure but 
2 at a time, viz. after that Compendious ws that may _— 


K. Win Fig, 2. 


Hd what manner are the proper. Number: to be written upon 
** 35 
For evety ſingle Digit you muſt allow Ten Rods, viz: 
#8 Unity and its Multiples, ſo many for Two, and ſo on; 
zer ought there to be fewer for the Cypher, or Noughbt, as 
ſl call 3 it: And theſe Laft are left vacant, but the reſt are 
every one of them, with the Duples, Triples,. Quadru: 
8. of their reſpective Simple Figures, after the Method 
Fan ( Fig. 2.) the Example of 1 and 9, olf. inthe upper 
zent, and in the Right Hand Triangle of the firſt Cell, 
Ten the Simple Figure, there 1, here 9j in the ſecond Cell, 
[Double of the fame Fi igure, in the Third the Triple, Ge. 
s, and after ſuch a manner, that if the Double, "Triple, 
d only of One Figure, it be written alone in the 
1 Hand Triangle of the Cell; but if it conſiſt of TWo, 
[Right Hand Figure is placed in the Right, and the Left 
=. Weng u Figure in the 2 Triangle: But the Delineation of 
oc alone, will teach theſe Things; oh * chene s 0 


[ E of adding any thing farther. | 


; 14 Zan 6 are wor theſe Red, thus ſited, cafih confided with one 


9 


. 4 \ l 


1 1 0 "and this Intorvealence, you muſt get a Cale for em, 
imo Ten diſtinct Partitions,or Shelves, in which every De- 
& 8 | * placed ſo in order, that the Simple Figures on the 
A Up Wer Margins apptaring, you may the more eatily draw out 
by. 4 you want; and as Occaſion requires, joyn them to- 
2 er; 3.) and 3 (ſince we have thought it 
. 4 ; _ * 
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convenient to Colour, or Shade, the Right Hand Triangle, p 
Left Hand Triangles of the Cells of the other Five,) (See Fg. (a 


bers in their due Order, muſt be Glew'd to it at what Diſtan 5 . 


lf 
4 


fitly be compoſed for any Operation whatever. 


Fm d by belp of theſe Rods ? 


greater Number, and laid upon the Drawer, and place them 1 J 
order, ſo as to expreſs it; and write the other (as the Muling | YH be 
 cator) by it ſelf on a piece of Paper, with a Line drawn ui 
it: Then beginning with the Right Hand Figure of the Mi F 8 
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the Cells of Five Rods belonging to every Figure; and th A 


*rwill be convenient to place every Ten Rods belonging to th 4 
ſame Simple Figure, or Digit, ſo, that the firſt Five Rods“ 
put before, and the other Five behind in each Apartment. F 

5. And when this is done, can one perfor Multiplication and Ns | 
v ten in Numbers by the help of theſe Rods ? POE | 3 


Not yet fo commodiouſly, as when you have ready a Dali 
er, or Smooth Board, on which the Rods may rightly and ap 
be placed, vx. the 2 Columns AB and CD exactly equal to 6 I 
former ones; divided alſo into equal Margins and intermed 
Squares, or Cels ; ; and moreover rmark'd with the Simple Nu 


- 


[ 


FE 
you pleaſe, but in a parallel Situation to one another, (as m * : 
be ſeen in Fig. 4.) The Lower Ends of them both are fo to. C 
cover d by the Tranſverſe Plate BD, that the intermediate Spu k 


underneath be left hollow, that it may admit the Lower EU 39 


LN 
4 


of the other Rods that are to be drawn out of the Upper C 


as out of a Store-houſe, the Upper Margents reaching out b 1 þ 4 
yond the Tranſverſe, that ſo by theſe Means they may the mu" 


1 "3 


6. Tell me then at laſt, hom the — 7 Namber it yl J 


Having taken the TwOo Numbers to be multiplied by 0 NR 
another, take the Rods anſwering to the ſeveral Figures of * 


— 3 = A 
2 a — — — : 4 


tiplicator, ſeek that Multiple of the Multiplicand, which if 
ſaid Figure ſhews in the Tranſverſe Columns; and ſubſeribe 1 
beginning on the Right Hand Figure of the written a F 
Thirdly, Write down all the other Multiples, each beg * 

on the Right Hand, under the reſpective Figure in the Mu _ 
plicator, and add them into one Sum, and you ſhall have l Re 
deſired Product. But there it is to be Noted, Fri, That i 1 1055 
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b Of the Square and Cube Root. W 
be diſtinguiſh'd with Colours, and placed in a Caſe accord- 
to our Direction, in finding out any Number. this ought 
toe obſerved , that if its firſt Figure be taken from the fore- 
Rods of any one of the Cells, the ſecond muſt be taken 
the hinder ; the third again from the foremoſt, Gc. always 
-Frately. Seconds, In Writing out the Multiples, if two 
res happen to be in the fame Rhombus of the fame Colour, 
are to be-added ; and alſo, if their Sum be greater than 
. and conſiſts of two Figures, the Right Hand Figure 
is to be written down, the Left is carried to the next fol- 
Jong Rbombus, as is uſual in other Caſes of Multiplication. 


Indeed the whole Buſineſs might far more eaſily be explain d 
Wing a Maſter to inſtruct you a little, than by many Words; 
 bifffbecauſe we can't do otherwiſe here, we ſhall endeavour to 
reger the Thing clear by the help of an Example. Suppoſe 
th chat the Number of the preſent Year 1698, were to be 
Aukiplied by 365, that we may find the Number of Days that 
ave paſs'd from the Nativity of Chri# until the End of this 

Year. - Therefore I place the greater Number 1698, as being 
 th&Multiplicand, in the Table, after this manner; (See Fig. 4.) 
he Figure 1 1 take out the reſpective Rod from the fore- 
mot of the Firſt Till, and place it on the Table: To this I 
the Figure 6, taken from the hinder Rods of the Sixth 
Ill; moreover I addg taken from the foremoſt Rods, and 
the following 8 alſo from the hinder Rank; then I decently ſet 
i erder every one of them taken from their proper Tills: but 
other leſſer Number I ſet down, as a Multiplicator, by it ſelf, 
oa waſte piece of Paper; and having drawn a Line under, 
beginning on the Right Hand, | rake 8490, the Quintu- 
1 of the given Number 1698 out of the Table, oppoſite to 
LNumber Five, and I write it on the Paper under the Fi- 


o 
o 


5 of the Multiplicator ; likewiſe I write its 


 MEuple 10188, taken after the ſame manner as 2323 
re, one Place farther towards the Left Hand, 849 0 
er the Figure of the Multiplicator 6; alſo I 101 83 


Mee its Triple, taken from the Table oppoſite to J 


Figure 3, under 3 the laſt Figure of the Multi- 61977 
Ea EFy plicator. 
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working by it, there's no need to take theſe Praducts ſeverally_ 4 
only to write them down altogether as they ſtand on the Ro 4 


the Diviſor be greater than the 


| Javtnile Ait hmetick : 


plicator ; Laſih, theſe Products being collected (after the u J | 
manner) i into one Sum, will give the deſired Product 619770 
and that by an excellent and compendious Method; becauſe uu 


I 


. 
and to get them by Heart from the Multiplication- Table, bu 


over - againſt each Figure of the Multiplicator; only you muſſ ' 


_ obſerve this, that in taking, for Inſtance, fix times the Mu 
tiplicand, 1 place the Figure 8 ſtanding alone in the Right Har N 


Triangle by it ſelf, directly under the Multiplicator 6: B * 60 
4 and 4, which I bnd in the following Rhombus of the ſau 
Column, I collect into one Sum (8 ) and write it under 3, ti 
faſt Figure of the Multiplicator ; and having added the Figur 1 - 
5 and 6 of the ſecond Rhombus, making the Sum 11, I 
only 1 on the Right Hand, under the Multiplicator, one ple 4 
farther ; but the other 1 I add to the Aggregate d the they i 
Rhombus following, & c. 1 


Ne. B. If you don't deſire to have the Rhombus , ariſing from the 1 i 
ſaid Combination of the Rods, thus alternately diſtinguiſhed in 
colour d or ſhaded, and white ones, you may wholy omit that whe | 6 
mas told you in Queſt, 6. N'. I, And alſo that which was tau 
Quelt. 7, of taking the Rods boſs from the furemoſt Row, nei 4 1 
from the hindmoft, &c. and then the working this Mulriglicati Y 5 
will be more eaſily underſtodd; of which if you are ſhawn colt a: A 3 vo 
| Operation, it will _— delightful and Pleaſant. + mp 


8. Teach me the way of Dividing by theſe Roas s 0 f 
8 


The Dividend i is written by it ſelf on a piece of Paper, vi 4 
che · Diviſor is tabulated on the Rods, or expreſs'd by as ma hy 
Rods as are neceſſary to do it : Then beginning at the LY l 
Hand, ſeparate from the reſt, as many Figures of the Divide 
as there are in the Diviſor (or One more, if the firſt Figure J = 
tirſt of the Dividend) — fra' L * 
them ſubtract the next leſs Multiple of the Diviſor; but if! 
the Multiples be leſs, the Diviſor it ſelf muſt be ſubtradte Wo, 
Writing Unity, as a Quotient, behind the crooked Line, if 0888 
fingle Diviſor be ſubtracted, or Two if the double; Three if 14 
triple, Ge. be ſubiracled. Then take down che next Fi 1 br * 


* N 
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ou mul „ (and this ſecond Operation is ſtill repeated, till we come 

he Mu re Laſt, or Right Hand Figure of the Dividend. 
1 | FE | 

6 7 5 5 p · I deſire ou alſo to Explain this ſort of Diviſion Ly an Exam: 


che ſan 5 3 N 
er 3, % Let the Number, in Queſtiom 7. found, by Multiplication 
Figur: 770, be here again divided by 365. Fir#, I place the 


a I wri 0 FP! ſor on its 3 proper Rods, in the order, as you ſee in Fig. 5. 
"ne pla en, having written apart the three firſt Figures 619, of the 
the thi nber to be divided (becauſe the Diviſor hath but three, and 
rſt Figure 3 is leſs than 6, the firſt of the Dividend) and 
paring them with the Multiples of the Diviſor, I find even 
Double of the Diviſor to be greater than the Number 619 ; 
f "lf t I ſubtract only the bare Diviſor 365, from 619, writ- 
bat thi "8 She Remainder under, and placing Unity behind the crook- 
6 1%" ine, as a Quotient; fo that the firſt Part of our Diviſion, 
ow, n ch we have here expreſyd, will ſtand in this form; | 
4 365) 619770 (1 
2% 
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Jiy Fr Y its Sextuple the next /efſer than the Number before propoſed, 
igure (in ſubtract the latter from it, again ſetting down the Remain- 
nd fand annexing 6 as a Quotient to the former Unit behind 
ut if i crooked Line: This is the torm of the Second Operation; 
8 365) 619770 (16 | 
85 2547 
007 
= D 4. And 
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40 Javenile Arithmeticł. —_ 
And now again to the Number 357, remaining after this Se. 
cond Operation, I bring down another Figure of the Dividend, 
viz. 7 ; and having found 32.85 among the Multiples of the "9ay 
Diviſor, to be the next leſs to the whole compounded Numbe, 
3577, I ſubtract it, as before, from it, writing 9 behind the lf 
crooked Line; fo that this now will be the form of the Opera · 


7 
* ” 


'F 
—_— 
= 


365 ) 619770 ( 1698 
447 


—— — 


0 N 
Laſtly, If the Number remaining after this Third Operation, 
avgmented alſo by the laſt Figure, or Place of the Dividend, bb but 
ſought among the Multiples of the Diviſor, it will be found ex. 6 
actly over againſt 8; which Figure 8 is alſo tobe joyn'd to th: Nt 
reſt in the Quotient: So the whole Quotient 1608 being found 
the Diviſion is ended. =_ 

Nor is there any need of adviſing you here, what to do wid 'W 
the Remainder, if there ſhould be any after the laſt SubtraQtia al 
is perform d, for that hath already been taught in Que. 6, 0 ml 
Chap. III. - thi 
N. B. This Pleaſant Way of Diviſion, & to the thing it ſelf, & thi "ol 

Compendious Method which was ſhown in Queſt. 7. of Chap. Ill 

but here tis reduced to Practice, with greater Facility and Deligl 

than there. 5 5 


*:-.,% 


To. May not alſo the Extraction of Roots be perform'd after thi 
ealy May? | Fa, . wn 

Without doubt, and by bare Subtractions often repeated) 
but to perform theſe readily, two proper Rods muſt be made 
and but two only; neither are they more difficult to be mad 
than the reſt. Make them of the fame Length with the othen pl 
and twice as Broad: Both are mark d with their propet NY 00 

; | | | be 
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_ = Of the Square and Cube Root, 41 
this Se. one for the Square, and the other for the Cubick Roots, 
wvidend, che fame order as is expreſt (in Fig. 6. ) viz. that which 


s of the for finding out the Square Root, hath its Right Hand 
Numbe, nn divided into whole Squares, and fill d wich the Duples 


hind the e Simple Numbers; and its Left Column which is divid- 
Opera "ol zgonally, contains the Squares of thoſe Numbers : The 


"8 that is deſign'd for the Cubick Extractions, hath its Right 


1 b * 
1 


c Column divided into leſſer Squares, and fill d with the 
ee of the Nine Digits, and its Left Column is diagonally 
ed, and contains the Cubes of thoſe Digits. So that if 
cCiubes conſiſt of 3 Figures, one of them is ſet in the Left 
'E anc Triangles of the Squares; but if they contain not ſo 
* may Places, the Triangles are left vacant. 


4 4% 
Y, % 
77 


r. Having gotten all things in order, teach me now this Eaſy 
_ Hof Extratting the Square Root ? 


eration, he Given Square Number, or, even any other Number, 


lend, bi HH written by it ſelf on a Piece of Paper, mult be divided af- 
und ex- tee uſual way, into Claſſis or Parts; then look for the 
d to th: ber of the firſt Claſſis, conſiſting either of one, or two 


g found ies; or the next leſs, is in the Rod proper for the Square 
= 90 ; and ſubtract it from the Number of the ſaid Claſſis, and 
do wii e down its Root in the Quotient: Then to the Remain- 
tractio after this Firſt Operation, bring down the next Claſſis; 
f. 6, o having doubled the firſt Quotient, and gotten a Rod to 
ent it, and alſo joynd to it on the Right Hand, the Co- 


„ of the Square Roots. From theſe, after they are ſo joyn'd, 
If, t 


1 18 the Multiple that is equal to the Number of the Second 
nap. Il s; together with the Remainder of the Firſt, or the next 


1 0 3 . . 0 
1 Wpnding Root in the Quotient, and this Second Operation 


after thy 8 th pſerve this, That in all the following Operations, you al- 
get Rods to expreſs the Double of the Quotient, and place 


peated +4 he to the Left Hand of the Square Rod. 
de mad 2. Explain theſe Rules by an Example ? 
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to its Claſſis; then after the Firſt Operation, which is not: 


Drawer (See Fig. 7.) ſeek the Second Claſſis of the Given Nun 


found 256, the next leſs in the Tranſverſe Cells,diagonally 6 | 


az - Yavenile Arithmetich: 


gain to be repeated; it will ſtand in the following Form; 
119025 (3 
„ 
290 * 
in the Second Operation having doubled the Quotient (which! 
6) and placed together with the Table of Square Roots on th; 


0 1 17 


775 
1. 


ber, as it ſtands annex d to the firſt Remainder, vix. the vh“! 
Y * 


Number 290, or the next leſs on the Rods; and hang 


* a 

LEROY, 
44 * 
N 


vided, ſubtract it from 290, writing the Remainder 3 4, 0 1 
derly under it, and place the Root (4.) in the Quotient. 
119025 (345 * 


. 5 3 

. 

, O 1 i 
1 {54 


Third, Place again two Rods, expreſſing the Double of tt 
whole Quotient 34, viz. 68, before the Square Root Rod 
(See Fig. 8.) and having brought down the Third Claffis q 
annex it to 34, the Remainder of the Second: So have yu 8 
the Number 34.25, which Number you will find exactly uur 
the Rods, over againit the Simple Number 5 (which is to 8 
written in the Quotient) and ſubtracting it, the whole Opera 
on is finiſh'd, nothing remaining; which ſhews that the Nun 
ber propoſed was a perfect Square. But ſuppoſe it had W "i 
been ſo, then to the Remainder joyn Pairs of Cyphers, at 
work as before, and you may find as many Decimal Parts: _'* 
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you pleaſe. po 
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Mm | Of the Square and Cube Rect, 43 
; 7 . Now, alſo, teach me the Rule: of Extrafting the Cube No 
WY. bis Pleaſant Way. | a 


e Rules are theſe 3; Fir, The true Cubick Number, or 
ien Number whatever, muſt be written down by it 
a piece of Paper, and divided into Claſſis (making a 
oieer every Fourth Figure, beginning from the Right 
0) after the uſual way. Secondhy, The Number of the 
4 Fil Claſſis (whether it contain One, Two, or Three Figures) 
ve found on the Cube Root Rod, (or in the Table of 
"Root above, in Chap. LV.) and having found the fame Num- 
or the next leſs, ſubtract it from the firſt Claſſis, writing 
dow its Root in the Quotient: And this is the Firſt Opera- 
dito be perform'd after the ſame manner as in the vulgar 
 Exttwtion. Thirdly, In the Second Operation, before the 
Root Rod, towards the Right Hand, place Rods expreſ- 
ie Triple of tae Root already found; and on the Left 
of this, the Triple of the Square of this Root; and from 
iet Hand Rods, joyn'd to the Cube Root Rod, take 
thi Mulciple next, lefs than the Sum of the Second Claſſis, 
ee Remainder of the Firſt ; writing the New Quotient 
is Multiple, behind the crooked Line: Then multiply 
Number ſtanding on the Right Hand Rods, by the Square 
offs ſame New Quotient, after the uſual way; and, laſtly, 
eee Product to the firſt (beginning at the laſt Figure, ſave 
pf this) and you have the Number to be ſubtracted 
be ſecond Claſſis, if it can be taken from it; but if it 
eis plain, that the Quotient and Multiple was taken ſome» 
hag coo large; and therefore taking the next antecedent 
$ Mult ple, the Operation muſt be repeated, until the Subtrac - 


=, 


aan be perform d. Fourthly, This ſecond Operation mult 


EEE 


s be repeated, until you come to the laſt Claſſis; care- 


toll Jobſerving this one thing, That in all the following Ope- 
A a0 ds, the Triple of the whole Quotient, muſt be placed on 


he Lods ſtanding on the Right Hand of the Cube Root-Rod, 


e Triple of the Square of the fame Quotient, muſt alſo be 
Pr i Tl. 0 of 1 Lb ” * . % b , 
n the Left Hand of it. 
ur | 5 8 l * 
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" Juvenile Arithmetick : . 
4. Explain eheſe Rules, alſo, by an Example p- 


. the Cubick Number be 13824, which being au, if 
guiſh'd into its Claſſis, after the firſt Operation, will 1 
thus; 


0000 


In the Second Operation, 6 the Trip le of the Root 2, alte Y 
found, is placed on the Right Hand of the Cube Root Ru 
and on the Left Hand, the Triple of the Square of the far 
Root, or Quotient 12, ( See Fo . 9.) from theſe Left Hu * 
Rods only, together with the Cube Root Rod, take! 
next leſs Multiple to the Number 5824 (ariſing from annex: Wl 
the Second Claſſis to the Remainder 5) viz. 4.864. 3 and wy 
4 the Quotient anſwering to it, behind the crooked Ii 
on the Right Hand; multiply the Figure Rod, by the Squ 6 = F 
of 4, this new Root, viz. 16; and add the Product 96, t 
Product already taken out, beginning to place it under 6 
laſt Figure, ſave one) that the whole Number to be ſubtra il 
ed may be 5824, now exactly equal to the remainin upp. x al N 
Number ; ſo that after the Subtraction is ended, nothing 1 a] N 
mains: Which is a _ ſign, that * given Number wa 
perfect Cube, 


Of Frattions, or Broken Numbers, 45 
f The Second Operation, 


—_ — V, 090 | 
u Method of theſe Operations, as to the Thing it ſelf, is the 
* 1 „ e with that uſed an the former Proceſſes ( See Queſt. 55 9, So. 
Chap. IV.) on( with ebis Difference, that there the Multipli= 
„Table ought to be well remembred, whereas, bere the whole 
er ation is perform'd more eaſily without thas Table, by the belp 
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HAT is a Fraftion, or Broken Number ? 
wa 8 Fraction is nothing elſe, but a Part, or Parts, of an Inte- 
8 Whether by an Integer you underſtand Unity, or a Line, 
"ry Meafure or Value of Material Things; ſuch as Pounds, 
ing, Pence, Ells, Ounces, Perches Ce. and ſuch a Part, 
"Warts, are commonly expreſs'd by two Numbers, with a 
drawn between them; of, which the under one ſhews, 
ho m_ Parts any Integer is divided, hence call'd the 
W Winter z the upper are Numbers, how many of theſe Parts, 
N. 91 nominated, are contain d in the ſaid Fraction, thence calbd 
RE Nmerator, 85 ; 
N I 2; Which 
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" 0 Juv enile Arithmtich 2 k | 
'2, Which is the eaſieſt way to form an Idea of a Fraftion © _ 


Ik we divide a Line into any Number of equal Parts, . 
ſuppoſe ſome of them to be taken, and not all; as for Inſn 
If I divide a Line into 1 equal Parts, and I take three or kl 
of theſe _ Parts; theſe are call'd true or proper Fractinl 
or Parts of the Integer, and are written thus 7 and 7,1 
expreſi'd thus, Three Fifths, or Four Fifths: From whit 
neceſſarily follows z Firſt, That if the Numerator be equi y 
or greater than the Denominator (eg. K or 5, 7, or 7, . 
theſe are ſpurious or improper Fractions, becauſe they are Wn 
| 
t 
] 
b 


Parts of the Integer; but the Integer it ſelf , or a Quan 
greater than it; for 4 denotes that an Integer Is divided iN 
2 Parts, and that all the three are taken, that is, the whole nas! 
teger, Ge. Secondly, If under a whole Number I fubſeribe 
after this manner, + f, Oe. they ſeem to be Fractione , Wn 
are not; for theſe Forms denote nothing elſe but three or (nl 
Integers 2 And yet ſometimes tie convenient to make uf WR 
theſe fpurtons Forms of Fractolns, and alſo of theſe which «© 
fiſt of an Integer, or Integers, with a Fraction annex'd to 
14 or 24, Oe. which they call M d Fraftionss my 


» d 8 


3. Nom ſince I know the way of Writing and Expreſſing; 0 7 
Proper and Improper FraBtions, may not proceed to the ober P. 
of Avithmetich d „ 
Not yet, for before you 90 farther, we liave need of ſu 
| Preparations, eſpecially in Addition and Subtration , which WM 
this fort of Numbers , is more hard to be underſtood, fiir 
Multiplication and Diviſion, The Preparations are theſe, TWP! 
Reduction of Fractons to their loweſt Terme; the Reduce 
of two, or more Fractions to the ſume Denominator z the N I h 
duftion of Fractlons greater than their Integers, to mix'd o 
and again of mix'd ones to pure Fractions, but greater thi 
their Integers : Laftly, the — value of any vu 
Fraction, and apply'd to any certain Subject, - | * | 


9 Of Fraitions, or Broten Numbers. 47 
n. , cel e Reduftion of Prafitons to their loweſt 
EY and rr prfernds ; 
t 1 en both the Numerator and Denominator of a Fraction 
ſan of large Numbers, and I would expreſithem by ſmaller, 
then more eaſy to be conceiv'd, Mill keeping the ſame 
of the Fraction ; this we call Reducing it into its loweſt 
8; And this may be done, if both the Numerator and 
inator can be exactly divided by one and the ſame Num- 
WE raction be #2 1 ſee plainly that both may be divided ex- 
7246, and ſo for the upper Number there will be found 
nd for the lower, 14 ; and theſe placed in their due order 
il have the fame value with the firſt Fraction ; more= 
his laſt divided above and below by 7, will give the equi- 
= Fraction t which might might eaſily have been ſeen at 
8, (becauſe 'tls manifeſt, that the Numerator 42, ls jult half 


ominator 84, So #4 divided by 4, give 4; and 4% 
by 3 give , 4 e. (dividing it again by 34. os 


%, 1 do to know, and find ont readily a Number thas 
LN divide the Nwerator and Denominator of a Frattion d 


n very eafy to be found, having exerciſed ones Mind a 
dec Operations, and generally this holds true, that if 
1K ht Hand Figure of each be an even Number, they may 
ed by two ; but if you would find, by g certain Rule 
f or eteſt common Diviſor (by which the given Fraction will 


Operation be reduc'd to its loweſt Terms) divide the 
| r Number by the left, and this by the Remainder, until 
„ iviſion be exactly perform'd without any Remainder, the 
er exactly div] rs a the greateſt common Dlvlſor. 
| he my Fraction 11 divide 84 by 4, and the Di- 
| on Will preſently be ended, (I. e. there will be no Remainder) 
al l gtwo in the Quotient: Therefore the greateſt common 
Sr i the Numerator,it elf: So if the Fraction was #43, 
* 140 by toy, it will give 1 in the Quotient, and the 
Winder is 35; divide alſo r of by 35, and there will re- 
f main othingz therefore 35 is the common Diviſor, which di- 
\ dl x3 1c given 3, dividing 140 gives 4, and fo the _— 


rator of the latter, and by this means the Fractions 33 and 


ing them 


* Multlply continually all the Denomlnators Into one another, WR 
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being reduced to its loweſt Terme, ls 4. But if in did dine 
them you can find no exact Dlviſor, you may be aſſured (Wn 


the given Fraction can't be reduc'd ta lower Terme. 


6. What is the Reduftion of Fractions to the ſame Denominaty = d 
It is the reducing of two Fractions, vg. 4 # of different ii 


nominations, into two others of the ſame value (reſpectin 
having one common Denominator, which is done thus : 
multiply the Denominators into one another, to find the! 
common Denominator 20 3 then multiply croſs wiſe, the 
merator of one into the Denominator of the other, that; ell 
may be the Numerator of the former, and 4. in 4, the Nu 
are the ſame in value with the two firſt 4 and 7, for boi 
them ariſe by multiplying both the Numerator and Den omi 
tor by the ſame number, viz. in the former 3 and 4 by 5 
the latter 4 and 5 by 4. 5 wee 
7. But ſuppoſe there were more than two Fractions to bg red l * 
to the ſame Denominator d 5 I” 


Since this Reduction of many Fractions, to the ſame Denon 
nator, is perform'd only for the ſake of their Addition and $F 
traction; it may be learn'd by the help of the foregoing 1 
alone. For if theſe three, v. g. 4 + and 4 were to be adde 
reduce the two firſt to a common Denominator 18 48, as abo 


Which added together make £3, that is 144 then again [Wl a 


duce this Fraction 13 (Which is ſet after 1 the Integer) 
the third given Fraction 3, to a common Dehominater, . 

end #8 z Which added together, and ſet after hy 
Integer 1, make the whole Sum 188, Oe, = 


8. It there not 4 certain Nule ts redues any Number of Fro | 
all at onee wo the ſame Denomination: / 


There 1s fo, and ls this which follows, Suppoſe that the RG 
Fractions were given to be reduced, v. . 14 + and ; "al 


l by 4 making 124 this 12 by 5, Which makes Go alſo Wn 

o by 6 producing 360, the common Denomlnator to . 

all. , This common Denominator ls divided by "= 
5 | - Part 1 


55 


Of Pralfions, or Braten Number. ** 
ier given Denominator, and the Quotlents are multiply 
wy ws 1 * Numerator, and fo you will have new Numera- 
© iſvering in the fame Proportion to the common Deng» 
. , g; the common Denominator 360, is divided by 
nar particular Denominator 3, the Quotient is 120; and 
em pid by 2, the firſt particular Numerator, gives the 
cio Sw Numerator, anſwering to the common Denominator ; | 
£6 you have the Fraction $$$ equivalent to. the firſt 7. 
hs iſe 260 divided by 4, and the Quotiers 90 multiply d 
he will give 270 for the new Numerator of the ſecond 
n ſought, and conſequently the Fraction ir ſelf 233; 
Nu Wer this manner you may obtain the reſt 375, 438, 738, 
an {BL of them having the ſame common Denominator, and 
bot ang the ſame value with the former 4, 4, 7, 3 reſpec- 
nome 


-o 

1 
J ak © 3 N 5 77 
y 57 2 * * vg x 


S1- 


ave Improper Fractions reduced, to make Numer vr In- 


os: | and on the contrary, bow art mixt Fraflions or Integers, re- : 


; 1c Improper Ones ? | 

bormer is done by dividing the Numerator by the De- 
rr, and to the Product, adding the Remainder in fornd 
ertion: As for inſtance, let the Improper Fractions be 

, having divided 2167, give 3 Ititegers without 

etion remaining; and 36 divided by y gives 7 In 

She Fraction + to be ſet on the Right Hand thereof t And 

1 8 in the latter Caſs, the Integers are multiplled 

1 ren Denominator, and to the Product ( it the Integer 

un ut y Fraction _ to it) ls added its Numerator, and 

be Sum is ſubſcribed — — Denominater, e. f. Let 

md to be reduced to a Fraction, wheſe Denes 

py fy 6, = ** the 8 15 — 

| to f Integers, the - 

etlon 3 were Fon ts de reduced fote an Im 

z multiply the Integer 3 by A, and to the Product 6 


; "ll he . Numerator of the Fraetſen, it glyes the Improper 
1 W 4 3 the the fame value With the given mint 


—_ 


| gether, and alſo to Subtragt one fr om the 


if z were to be ſybtracted from 3, the Remainder wou d be 


equal to I Integer and +2, that is, being reduced to its b | 


have different Denominators, they muſt firſt be reduced to s 
Fractions of the ſame value, having one common Denomim 


(ily do) tis the ſafeſt way to invert the Diviſor, &. 6, that 


we muſt begin at the Numerator of the Dividerid, and mul 
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f0. New reach me the wy of Adding We nt Be ay 

other | _- 
Nothing is more eaſy, if they have the ſame 
for then only the Numerators are added or ſubtracted, and i 
Sum or Remainder written over the common Denominat .l 
E. G. Suppoſe the Fractions + and # were. to be added, ] 
Sum would be 2, that is ( by the precedent Queſtion) 1+ ; wn 


* * a * 


ſo + and +} being added, malte 55; and being fabjracted off 
from the other, the Remainder is but ; ; and that firſt Sui 


Terms . But if the Fractions given to be added or ſubtract 


(according to the Rules given in Que#. 6, 7, and 8.) and d 
the addition or ſubtraction is to be per n 4 as in the laſt 1 
amples =. | „„ 
11. I Multiplication and Diviſion a2 eaſy © = 
Ves more eaſy : For in Multiplication you only muh 
the Numerators together for a — Numerator, and the! 
— to — for a Fel 3 — 6. ft "1 
to: be multiply , mult by ” 
ves there 0 Numerator Is, — the Laine tte 
that the Product la pr Es: bel 4 
In Dlyifion you mulltply crofi-wife, the Numerator ol ½¹) 
Dividend, by the Denominator of the Diviſor, for a new N b 
merator, and on the contrary, the Numerator of the D 
into the Denominator of the Dividend, for a new Denon y 
tor. But leaſt any one ſhould miſtake here (Which he me al 
tion by which the other is divided 5 and afterwards to mulii 
the upper Numbers into each other, and the lower Num v 
in like manner, B. G. If we were to: divide 4 K , bea f 
the formet Fraction is the Dividend, and the latter the DH. 


7 


3 by 3 the Denominator of the Diviſor, for a new Numen 
g ;and on the contrary 2, the Numera tor of the Di 1 


64 

A; 
N a . 
- R by. oY 
* K 


10 be multiplied by 3 , the Denominator of the Dividend 
Wt 9 5 th new Denorminator- 3 ſo that the whole Fraction hence 
„ abs: Which may very ſafely, be alſo produced without 
ina enger of miſtaking, A Ppsing javerced-the Divior (mak- 
mAh [ - by:'Þ» ned eee Rn 


5 6 ME 2:4.99 Bob ig len to murders that in ys kind of Dit. 
„. eee, then the Diviſor, but alſo 
acdc. che Dividend, # #84) be In ii the preſemt Example, in which 
Dividend is 4, bur ebe Quotient by be. 11. For becauſe 
ah more chan J, therefarey 4his 69 contain d in that more than 
drache: But of 4 be divided by &, the Quotient will be 5, which # 
to od eebing leſi than the Integer, but yet greater than thi Dividend 
mimt 8 which (its Numerator and Denominator being multiph'd by 3 ) 
nd 1) equa! but to f. Likewiſe multiphing 4 by J, the Prodult it 
laſt L, whith tr leſs than the Multipher + , or 33 4 and al 
1 9 10 than the Multiplicand 4, h. e. Fo (For in Multiplicatiom, 
„4 Unity ii to the Multiplicator, ſo it the Multiplieand to 
| Produ + and in Diviſion, at the Diviſor it to Unity, 6 it the 
＋＋ꝙ 8 
+ WAS: bed that there are Fraftdont of Bractiont of Fats 
* e, Nau; and that they may be redueed to Sime 
tot! 


have heard right, and fuch are e.g. 4 of J, or f of } 1 

* of ok. 8. which are reduced to Simple ones 4 

inual Multiplication of the Numeratars and Denomlnators; 

"i h t the firſt are equiyalent to A, or} 4 the ſecond to }$ 

ioo the third is pl to 34%, The Reaſorv of which, 
l 


5. 
5 I. 
+3 


14 
* 


ö 


3 
A* 


en eaſily be explain'd by Lines, as v. g. in the Firſt Ex- 


| 

b.. >, Which we ſhall here ſet down, Suppoſe any Right 
Nu vi | 

beat 


to be divided into three equal Parts, then will one third 
, l pf the given Line, contain two ſuch Parts, fo that the 
Du ine Will contain fix Parte, Therefore ＋ of the 
util 1. all have three of thoſe ſix, b. 6. the half of the Whole 
amen 1 N * | 
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tions 


N * 


* 


13. Cannot alſo the Extractions of Reots be perform'd in E 


After the ſame manner, as in Integers, only the Roots al 
extracted out of the Numerator and Denominator'apartz 2 ll 
being thus extracted, are again joyn'd Fraction - wiſe. Soi yl 
Square Root of 1 5 will be : or 4 3 the Cubick Root of mW W 
is 3, &c. But if the'faid Roots can't be had exactly, U 
ought to be found as near as _— in Decimal Parts, H 
dredths, Cc. (as in whole Numbers) and afterwards omitting 
the common Denominator, they are to be joyn d togeth "FW 
the form of a Fraction; which Gaſes ſeldom happen. ya x 


9 


. . 4 = 8 e 
— xe 


5 : 8 

x4 +. 

3 tot Y; A 
oat 


1 : b 
1 * 44 29 ' * 
N RAR FL 
RS. 
_CYD 
* 3 N. 
Ps * 4 
4» 


g . [04 & | 
11 5 
F o 7 we 
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* 
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 . SECTION Il 


Concrete Numbers, or thoſe that are 
9 7774 to ſome Particular Subject. 


Cu. I. 
Me various Notation ' of Concrete Numbers, 


HAT & ou anderflend by Concrete Malt ? 


"3 35 ean thoſe Numbers that are uſed to expreſs the various 
cinds of Weights, Coins, Meaſures, invented both for the 
Meal 1 ation of Liquids and Dry Bodies, and for continued 
ties; and allo, for the Meaſuring the Diſtances of 
* * 4 Se. 


"I W rehearſe to me xe the chief farts of Weights eds in common or di. 
* | j 4 adingy with their moſt remarkable Differences. 


e moſt common fort of Weight is the Pound; and of 
| 1cle 8 compoſed the Hundred Weight, containing an Hundred 
e by... + with its Parts, v. g. the Half Hundred, Quarter of an 
yd, &c. The Hundred Weight is of two ſorts in 
As 45 "the Great Hundred containing 1 12 J. and the Leſſer 
ning juſt 100 tb Averdupois. The Pound alſo differs al- 
| "1 Fin 1 Place; and * alſo is divided i into leſſer Parts, 
Wi Z v. g. 


is the fourth Part of Haff an Orme; lolthat the Ounde cont f 
2 Half Ounces, or 8 Drachms ; the Pound 16 Ounces, the . 


Pound 8 Ounces, or 16 Half Ounces the Quarter of a. Pound 
. Ounces, &c. The Pound Troy is to the Pound Averdupois a1 bs 


to 14. The Ounce Troy to the Ounce 4 , as 5 to % 
Apothecaries make up or diſpenſe their Medicines by the Poop-' 


Troy, reckoning. 20 Grains to a Scruple, 3 Scruples to a Drach' 15 


8 Drachms to an Ownre, and 12 Otnces to a ib, But theyb 
and fell Drugs by the Pound Averdupoje, To reheatſe here, 
the various kinds of Weights uſed by the Ancients ; us thoſe ui 8h 

by the Hebrews, Greeks, &c, would be too tedious. He ti . 
deſires to be inform d of them, may conſult the little Treat Wo 
lately publiſh'd, by Dr. Edward Bernard, of the Weight: , 
Meaſures of the Ancients, | ä 


3+ Te will not be improper, 1 ſuppoſe, * in ois place t % 


1 W a 


\ the Proportion: of Metal: to one another, in ( their Wet f 


of they are taken all of an equal MU or Bulk; (which 6 "IS 
Nocertuinly, butexceeding uſeful 1 Altho' in every Spe WW. 


of Metals, there is found ſore little difference; as one piect | 
Gold is ſometimes found to be (Bulk for Bulle, or fical 1 | 
heavier than another, Oe. and the ſame Metal being hamme 38 
is heavier than a piece of it that is caſt; and conſequently th "3 


| 5 
ſpeciſick Gravity cant be exactly had, yet I ſhall ſubjoyn 9 ul 
two following Tables, borrow'd from the malt approved 1k 


thors, 


auf nm 
Drug o 


r ma 


boa, one auth in . 


8 Nembdrs, 
TAB. E I. 
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of Globes, equal in Weight, 


H 9 4 ee ar f Glo + of Gold Silver © 
ont ch 100 Parts of Wei 

he al * Magnitude, esd Pewter 
ond al to it) Iron 

i; 1 Ne | - Matble 
to 5 0” 3 

POW TABLE II. 


ey b | 
8 id Lead } 115 
oſe u if biameter of a Globe of | Silver 1 
Je th 4 d hath a 100 Parts, one | Copper Mah 126 
res jp qual to it in Weight) of meg; | 133 
bu "8 . len {| {ia 
4 LMarble 188 


\ 


n to me now the FOR kinds of Money. 
4 þ 9 hem you have before you in the following TABLES. 


Englich Money, 


Fey. 1 
Pang 44 
Shilling, 
” « . A Noble 6a 8 4, 
Poztugal Money. 
[| Mrutid. 40 Rees Rial 6d. Engl, 
Rd Ga. Bug. 27 Rials | "5 Teſtoon, "0 
ucar, 4 Teſtoon 
Piece of 8. |} 10 Rial: 1 * | 
41. Engl. 25 Duet © | Mile of Geld. 
1. I Teftoom } 1. 3 d. Eng. 


E 4 French 


| 


N a i umme Fuvenili 3 
| . Frenth Money. 


Scotch Money: | 9 
| j2 1 1 ſmall fe]! (24 4 AH 


Nel, % ol 
1 U. Seotch 0 1 


f Liver. || 2. Nobles f 
16 Soulg Cardicu, || 3 Nobles 


| . 4 Cardicues VCrown, 
* : r 
1] ,o 4; is One Hayper or 9 d, Bio ; and 20 _ er) *þ 1] 
1 = hiſt or 154, Engliſh, 4 N 1 
4 | | 
| 8 Pence C" 1 Groat, 

2 Groatt | 1 Single Stiver. 2 

2 Single Stivers is 4 I Double Stiver,or 34d, N 4 

20 Single Stivere, ot 10 Double II Gildere 

5 un 5 i Pound. 

German Coin, 


3 2 5. at — y 
1 Gilder of Noremberg - 


Holland and Flanders Coin.” 


| 5. d. 
OO oo: o: 1 
6 Stivers, or 1 5, Renh = [00:07:0| 
20 Shilling: Flemiſh 12:00: 
33 Shidings, 4 Pound Blemiſh LS 20 ; Q0O:O. 
1 Gilder is 20 Stivers - iT 02 3: 00: o 
1 Xeland, of Campos FRE = [03:00:0 
I Ducatoon 2 | 06:03: 7 E 
5:00:30 . 


I Species Dollar J 095: 


5 "= —— — 8 : . 
M  Concret Nambers. 7 
1 by 3 [/ vs 
1 4 1 N 
y UN 4 


=_ Italian and Uenite Coin. 
1 . ö 3 | WEE 4. ; d. 
at ; 00:09. 
el 1 pak at Florence, is J 091 08-- 7 
| 1 O02 : 10 


Florin, in 6 Td or AT os: 06' 


ith | U defire, allo, to brow the Liquid Medfirer, 


iid Meaſures are Pints, Gallons, Rundlets, Barrels, 
ws, Hogſheads, Puncheons, Butts or Pipes, Tuns: All 
dict Hire explain! in the following TABLES, 


* TABLE of Wine-meaſure, Voney, Dil, ' 
* 


F 

J. 672] 840432112 2 [13|Pun uncheons. | 
47 [roo8jr26]7 4 |3 | 2]13[Puror Pie, , = 
4 F 218227114185 in, 


} Beer-meaſure, | Ale⸗ mealure. 
| | Pines. HY | 5 
Gallons, 2 7 [Gallons. 
er 640 9|Firkins. 
EU 1280180 2]K:lderkens. 
64 2'Barrels, 256 36 4 1 4] 2]Barrels, 
B72| 3] 4] 2|Hogſhead:. (£12172 LIN 4 2|Hgſhead. 
a. | ; _ 


59 


> 116.8tb.] 16 541281256512 37025120 1. 1 


upon a Barley Corn as the leaſt Meaſure, and t 


Avithmetita en. 


6. os me, ab, the Dry Micaſare. f 1 75 


Dry Meaſures of Capacity, are rais d from the Gallon, wel 
taining 8 Pints, which ſhould be contain d in 2/7a+ 4 
Inches; and ſhould hold of pure Running or Rain Wa 
Pound, 13 Ounces, 1% Drachms and + Averdypois, Wei 7 | 


| Therefore, if you deſire to have a true Gallon for Dry Medi 


make a Cubick Veſſel, that ſhall have all the Sides 6 In 
and 48 hundred Parts of an Inch ſquare, and juſt. ſo 4 


wei gh with Averdupois Weights 9 Pound, 1 3 Ounces, an 6035 
— and + of clean Rain or Running Water: 5. eitheſſ 


theſe will bnd 3 Gallon for Dry Meaſure. 1 


The Table following, ſhews 8 Pints to be a Galton, 20 2 
lons a Peck, 4 Pecks a Buſhel, 2 Buſhels a Strike, 2 "Sth 
or 4 Buſhels a Coom or Carnock, 2 C a Quarter, ul 
or Roſer, 6 Quarters a Wey. 
This Table is for meaſuring Corn, and the two laſt Lia 30 


tain the Eſtimated Weights, the firſt Troy, the laſt Averdr 77 : 


that each ſeveral Quantity contains. | "vol 
Pints. Fr 1 
N (Gallons, | | 
16] 2 Pecs. VPP | 18 85 5 7928 

644 8] 4 Bufhels, 5 „„ ob 


128] 16] 8] 2 2(Strikes, 55 
256 32 16 44 ""2]Carnock or Com. P 
| 512] 64] 32] 8) 4) zg er Quarter, 
30721384 102 48| 4| 121 6 Wn. 
rrzols7o 320) Bol gol 20/20 


14 ! 14 611 C.'2 C.. C 24452 A 


"16 
7. Is there not the like Difference or Parity in the _ 
Continued Quantity ? 155 


There is, which is great pity : For nee hey have pi 5 | 
c Leg 1 


07 Concrete Numberr. 39 
Corus being different, it muſt needs be, that the gieat- 
11 a ures taken From thence will be yattbus too. And this 
"ct the vaſt Variety that there is in the ſeveral Meafures of 
Ci tions, Cquntries and Cities. But in England we take 
e ſures from the Standard of 4 Vard kept in Guild-Hall, 
The Third Part of which is a — Foot, and the 
Part of an Inch; the Half of ir a Cubiez the Fourth 
ban; the Twelfth Part $ Palm, &c. all which you have 


fl £ proving TABLE, from an n Inch to a Mile. 


2 7 
Lines 12 3 2. 
ae F is) 561 21 21 128. 

20 63 33 |_13 |_14 | Pace 

© | 244 8 6 |4 |2 | 14] 14 [Fathom. 

660 22 [165 | 31} 53] 45 [374] 21 el. 

7988 640 880 660 440 [220 176 132110440 Furl. 
| 12824 3 1960 1408 (1056 1 80 © 01320] | 8 Mile. 


WL. ET» -« 
LY 1. "Mr a 


IJ. . There are many Cuſtom poles or Perchis, ds of 1 g Feee 
Mit * and Woodlands, of 2.1 Feet for Foreſts in Lancaſhire and 
ee ls Wd ; and of 48 4 for Scotch Meaſure. Horſes are meaſured 
2 „ Hand, which t the length of 4. Incher. The Ell you may ſee 

Table {5.5 of « Tard, and contains 10 Nails, as our Tard 
— Z 16; and therefore tbe fifth Part of an Ell A + of a Tard. But 
Dutch Ell, or Stick, b& which hgh 5 * 1 bat + 
Tr. 5 


Have Jon U a Table alſe for Square Meaſure ? 


_ chat which here follows : : and which will be of good 
2 25 ave in readineſs, in order o the the Pract ice of Surveying, 


Dquare 


66 | Avithmetics zm F 


1 | Dauart W N 
| [Inches ſquare, Kd, 
5 144 44 Ee. ES op 
1296 | 9 ES | 1 
3600 | 25 | 2.77 —_— 
39204 [272.25| 30.25 e elt _ = 


| 4 
i 5681601089 | 1210 | 435.6] 40 urs 1 
20 


Iso 4840 1742.40 160 | 4 A 
B [3097600|1115136|102400[2560|646] 


In reading of which Table, the ſeveral Columns co 4d N 
Square Inches, Feet, Yards, Ge. and the Numbers, ſn 
againſt Acres, are read thus, 45 360 Square Feet, 4840 Sy 
Yards, 17424. Square Paces, 160 2885 and 4 Rod, 

which make I Acre. 


—— 


CHAP. . 


0 addition - a Subtraction — 


| HE me the Rule of Adding eee Concrete Number 
di ifferent Denommations.” 5 


The Rule is this; Fir, Write all the Numden of thel p & 
Denomination one under another, Secondly, Sum them up, ton 
ſee how many of them will make one of the next Denomituf . 
and carry ſo many Units forwards, as thoſe will come to: N 
the following Examples. 
In the Firlt of which I begin with Pence, ol fay, 9 and 2 

n a 4 11, and 8 is 19, which exceeds 12 Pal 
125 . of the number of Pence in a Shilling, and 
l 003 taing it once, and 7 over; which 71 
5 „ down under Pence, and carry 1 to Shilih 
32 ſaying 1 and 5 is 6, and 1 is 7, and 


— 452 99 * 
734 47 14; l fexdownq, and * N 
| 15 5 | 
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Of Addition of Conerete Numbers Gt 


hich'are which make 1 J. 107, the 10 7. 
4 By 4 bor pt wm the Pounds, and adding them 
ole Numbers, find the Sum to be 2344, 147 74, 


% Wight, Averdupoit Wrig be. 
w 3 Paw. G. Tim C. Q. 'S. 8. 
5-025 1390913215 os 223215 10 
1-5 221 1110-1 O16 2211212 
0o⸗o8 I5 910917 #02 O #9 34 ” 1 800 208 
24711 — — 0 17 f 0.9 10g | 
7 594. m_— — — 


1 3210 39 10901 


ire Examples will be ſuffcient. The firſt Pounds, 

and Pence, as before. The ſecond Example of Troy 

— rows 8, where for _ 4 Grains I carry I to the Penny- 

. for every 20 Penny-weight I carry 1 to the Ounces, 

ih r every 12 Ounces x to the Pounds, and the Sum will 
——be pound, 7 Ounces, 14 Penny-weight, and 18 Grains, 
Ay $5 — Weight, for every 16 Ounces 1 to the 
ery 28 Pound I carry 1 to the Quarters, and 


2 — 


«a Quarters x to the Hundred, and 20 for a Tun. 
creug X lies in carrying ſo many of the former Deno- 


os as are contain d in that Row you add up: But al- 
Ul this trouble is avoided when Decimal F rations are 
A Fhich are managed juſt like Integers, 


"A 4 o what are Decimal Fractionsꝰ 
1M 


Dccimal Fration i is that which hath for its Denominata 
4 \ uu, with a Cypher or Cyphers annex d, as +, 180, 
wich Denominator, for brevity and conveniency ſake, 
Þ commonly expreſs'd 1 a 1 fer on the Left Hand of 

e rator, thus .5 is 9, 46 is 8, . 125 is 1335, or 
dred twenty five Parts of any thing ſuppoſed to be di- 

into 1000 ſuch Parti. 

Shag Fract on may be reduced into a Decimal of the | 
alue, whoſe Denominator ſhall be 1000, or any other 
Number (I ay 1000, becauſe 13 or 100 are not uſually 
aa to do it * . TRI ſaying, — 


62 


into which a Foot is commonly divided ; I take care o. 


ſet down 1 and carry 1; ſaying, 1 and 3 make 4, 


20, [ ſet down o and carry 2; then 2, 24 5 and 
all 16, which I write down, 


=_ 808686 


Anitimutita Jared 8 


to the Rule of Thres, 4s the Denominator of che Vylad 
Aion is to its Numerator ; ſo is the Denorinator alli 9 
fourth Term: Thus for Inſtance, If the Vulgar Frame * 
2 Pound was 8 to be reduced to a Decimal 0 . d th 
value ſay (by t e foregoing Rule) as 8 is to 5, fo is 1% 
a fourth, which by workin you will find to be 62 
therefote ;£ 1823 or · 61 5 is al of the ſame value v 
former Fraction, which i in value Is equal eo Twelve 80 
_ Six Pence. ' © 


3. And doth not the ame Trouble and Trdiouſueſi bezel = 
Addition of theſe Decimals, that there is the phil ou "0 

tion d? 

Not in the leaſt: For . vastobe aan 

thoſe Decimals of 2 Foot, 


| — 604166 on 3.00 
Haviog no regard to the different Denominnions of thi ot 


the Decimals be duly placed as you ſee in the Example 
then I add them together as in 3 Whole Nun 4 5 
ſaying 3 and 3 make 6: 1 write 6 under the Line, and 2 
and ſay, 3 and 3 make 6 more, which I write under d 

Left Hand of the former: Then I ſay 9 and 3 make N 


written down as beſore: Then 1 fay 2, 5. 8, and'; 
9 
tween the 1 and the 6: Then will the Sum be 1 Fo — 
- 604.166 Decimal Parts of a Foot, ple of the Beda 
and a Quarter, Take another rn ot he n 


e 
j 8 
5 > 0k 1 166 


, 2 tion and Sabtrat7 ion of. C oncrete Numbers. 63 
„loo are added after the ſame manner, as if they were 
\ SS Pure Numbers; reſpect being had to the placing them 
tach that all. the Points ſtand exactly under one another; 

mis the Decimal of One Shilling and Four Pence. 


b. if Subtraction was 10 be perform'd in theſe Decimal 
bs done, juſt after the ſame manner, as if the Numbers 
tegers, Reſpect as before, being had to the right plac. 
e Numbers one under another, as in the following 


v 5 
6. U 
T7 
* 1 2 1 
af * 
1 1 i 
4 Ly 
4 7 
' i o» 
* 1 toll 3 % v1 
Abe. R 4 


= .066666 aGiven Decimal of a Pound Sterling. 
- 045833 the Decimal of 11 Pence. 
3. 020133 the Decimal of 5 Pence. 
=@© SS = 
4-0 Given Decimal of a Year . 033334. 
be bb Nepal —— +2246579 


1 


Dre 


| | \ The Decimal of 21 Days, or 3 Weeks. 
"Fol not ebe Subtraction of Numbers of different Denominations,. 
latte re difficult ? Ip 

ut doubt: For if v. g. the following Sum 23/. 115. 6d. 


6 co be ſubtracted from 32 . 12. 5d. 
er them down in their Order thus, 32: 12: 05 


al 4% . , ' e T j N 
2 1 . 3 i „ , 
e 5888 as — a | 86 

F 4 a> Ng a 


ee che loweſt Denomination, in the 23: 17 : 06 
ac, can't be taken from that above it) ————— 
_ borrow 1 of the next preceeding De- 08 : 14 : 11 
oons, and then ſubtract, remembring 
o add 1 to the next Denomination in the Subtrahend ; 

.. _— Pcnce from 5 Pence I can't have, therefore I borrow 
e., which makes it 17 Pence; and then taking 6 out 

| #4, Were remains 11, to be written down under the firſt 

vation towards the Right Hand; now I remember to 
e the next. 17, 18, by reſtoring the 12 Pence _ 
_ at " - 


Vi 
N 

1 * I 

WOO 


64 


from 2 cant, but 4 out of 12 and there remains 3 : An 


ſures, Se, 


OOO edvithmutica Javeniliis i 
F borrow'd: Then I go on, and ſay 13 z. from 125. 1 
have; but adding 1 J. or 20 f. to the 12, it makes 32. (8 
fore I ſay 18 from 32 and there remains 14, which I ſet 48 
Then adding the 1 1 borrow d to 3 the next Figure; I (Wn 


3 from 3 and there remains nothing: Wherefore I wiite q 5 
8: And then find the true Remainder to be 8. 14. 
And after the fame manner you muſt proceed in Subtracti 
ſuch Numbers as expreſs Weight, Time, &c. r | 
had to the ſeveral proper Denominations into which th 
ſub diſtinguiſh d. | | 

6. But would it not therefore be much more 4. antagiouy, 17 1 
Meaſures, Weights, &c. were divided Decimally * | Ra 

Undoubtedly ; And tho? tis hardly to be expected tha: 


this will be univerſally done, yet we begin in many thin 
approach towards it, having Scales of our Foot and Inch 
decimally divided. But however to compenſate for this, Wh, 2 
F 


y 5 » Ty 
1 1 20 
AS I 
' 4 % 
\ 5 555 W 7 
= ys Ab 
- | 
LH 


*; 


* 


facilitate the Practice of many Operationsin Arithmetic, wall 
are very eaſy and expeditiouſly 1 by Decimals, 
following TABL Es will be of conſtant uſe; where you 


Decimals for moſt of the Engliſh Money, Weights, and Wo 4 


* 


as 


Paine TABLES. 


| 4 


1 1, TAB. IL Troy weight] 19 . 199642 
oj x1, | Integer 1 Ounce. Pe- 18 | 160714 
Coin 4 bee m. weight, the ſame 17 151783 
teger. |-with Shillings. 16 | .142857 
| — 1 13 133928 
Decimal P Parts. Grains ns 1Deci m. Parts, 8 124 . 
5 22 [7.047916 | 13 116071 
23 | 045933 | 12 707142 
| 21 +©04375 11 068214 
20 | .041666 | 10 | 89285 
— JW 039583 __ 9 | ,o80357.- 
18 0375 3 071428 
17 033416 7 0625 
16 033332 6 052571 | 
15 | 03125 5 044622 
13 | .027083 3 026785 
12 | ,025 | 2 | ,o179857 
| 11 . 0229168 | 1 (. 008928 
0 Co Ounces Decimal Parts 
8 016668 5 e 44 
l 13 007254 
5 010416 12 006696 
5 8 "6 2 | 8 11 006128 i 
1 l DecimalParts. . 00 333. A 7 NN 
43922 4 00625 85 oy — 
bo 9 41666 0041 66 8 4 64 
a | g 002083 _ 004404 
— 12 T ABL E III. | 6: [003348 
£2222. Weight, Integ. 1 c. 4 802232 
—_— Lib. Decim. Part.] 3 | 01674 
gon | 27 +241071 11 
0 | , 1 4.5 
, 008333 1426. 5 232142 22 
04166 | 25 [222214 Quar. Decimal Parti. 
| 24 | -214285 5 .000418 
| 33 | -203357 | 2 | .000279 
| 22 | .196428 (1 1.0% _ 
21 | .1875 3 
120 178570 | | | 
F TABLE 


- - 
- 


66 Decimal T; 4 B L E 8 
N 
TABLE W. ? | ET | 
„ 58 07 12 i 
Averdupois, Lir-| | .003906: __ 
5 1 * 8 Deeim. . Parts. 25 
| I Ll | , 3 ; 002939 | i 
Ounces Deci m, Parts. 1 | E 09976 __ : — 
15 937 | 
13 3155 | tans ä — | 5 
„ Integ. Gallon, 07 
11 | ,6875 - Quart, t 
10 | .625 —— 
| : | 45625 | Pants, ede Parts. 
{ 5 1 87 y . 
— «375 = 3 +625 
5 | 03125 4 | 5: 
a «025 : 4 375 ü 
4 .01875 1 
- 2 0125 x 1 
* 2 Quar'r, Decim. Parts. 
— Red =; 109375 
I5 | .o58593 2 | ,0625 
14 2 — 02123 
12.050781 
12 . 046875 TABLE VI. 
pa 042968 Inches in Decimals, 
10 039062 Integ. 1 Foot. 
9 35156 Pee 
8 03125 Inches. Decim, Parts. 
7 027343 11 ſ 916666 
— 2 2210 [833333 
3 18531 9 | -73 2 
[_4_|,or5625 | 8 | 666666 _ 
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Ss 3 | 4 . * CET. 8 
; CHAP. III. 

666 , | 

8333308 * Pultiplication and Diviſion of Concrete 
vim. ke Numbers, 

625 55 

516698 H 4 — be done if Numbers of different Denoininations 
__ EY Y ve 70 be multiplied by another Number ? 

1041 


FAS Enbers of the fame Species, but of different Denominati- 
"of % 0 nuſt firſt be reduc'd by Multiplication into their loweſt | 
fa ination, and then the Product ariſing from the Multipli- 
PA "WM 

of chem. into the Number given, is again reduc'd by Di- 


eim. Dil * vile ' into the bigheſt Denominations, E. G. Suppoſe a Man 
73330 ove $ every Day 24. 75. 334. tis 3 4 5 
hy med to know, How much he will 20 Shill, makes 
3 £ at the ſame rate) in a whole 

0 for 365 Days? Firſt, multiply 40 Shilings. 

2 _ = 5 } /. by 20 to bring them into —_ 7 added. 
im. Ps. then to the Product add the 47 Sbill. xd by 
6275 b 10 7 the Example } Next multiply _12 Pence. 
2 ie Aggregate, by 12, to bring . 

o 82% Pence ; ; Product _ 34 "4; 

109% Lofty, multiply their Sum by 4, 

1355) ig them into Fang: : 80 tha E _— 
1643 Bnnber of Farthings ſpent in one — ; 
19170 is 2270; which Product multi- 37 2 AY 
. by 365, will give 828550, the rn 


Is - der of Farthings ſpent in a whole 2268... - 
To reduce which into Pounds, 2 added, 

divide by 4 Farthings to bring 2270 

into Pence : ; then divide the Quo- 365 

of 12 to bring them into Shil- 11350 

1 And laſtly, divide this laſt Quo- 12630 

i by 20 to _ m to, Pounds. 6210. 


8285550 Forthingi. 
3 4) 


68  rithntics — 3 
4) 28510 0 207137 Pence 12) 207137 ( _ 


_— 
= TY 8 
* #28 = 87 
of 8 84 
4 3 
1275 — 
12 5 e 
2 = 
28 — 
@ . ns 
—— 
19 
_ 18261 (3631 b. Is $4 
169** 
126 
120 
61 
80 
w- 


T us it is found, that if a Man ſpend 21. 7s. 3% 
| a Day, he will, at that rate, ſf — 14. 54 45 
whole Vear. 


2. Give me 4065 an Exangl of Diviſion in Numbers of «gn 1 
Denominations. 


Suppoſe a Man were to » buy as much Wheat a5 would nl $ 
to an Hundred Crowns, at the Rate of 4. 6 d. 4 4. — 
ſhel. How many Buſhel ſhall he buy for that Sum? A F 5 

Firſt, I reduce , on both Sides, the different Species; 
Money into the loweſt Denomination, viz Farthings, as 9 
fore; and I Divide the greater Sum by the leſſer, and it gn 2 


wy * ＋ 
7 s, and near two thirds of a Pint more: 
= 219) 24000( op: 
„ 219" 
| 280 
9 1971 
14% 129 
4 % 8 Gallons in a Buſh. 
Fe 1032 (4. 
„ _ 876 
. 156 : 
d cou 38 Pits. 
72 1348 (5. 
ecies _y- 
it gi 153 | 
3 3. May 


6 d. + q. gives one Buſhel, what 
Hundred Crowns ? Which in 


F 7 1 fore I firſt reduce the greateſt De- 


and adding the odd 6 d. it makes 
n 54 Pence. Again, alſo having 
11 ply'd this by 4 , it Ives the Sum 


= ic 219 Farthings, Likewiſe 1oo 
a being multiply 'd by 5, gives 
25 "oy hillings, and theſe by 12 produce 

eence. And, laſtly, Multiplying 
oduct by 4, it gives the Sum 24000 
x nber of Farthings contain'd in 700 
ca 2 divided 24000 
"n Wo the Quotient 109 gives the No. 
A oels, and there remains 373 of a 
which reduc'd, is 4 Gallons 


d 


ce is perform'd by Diviſion alone. | 
ation ( 4 1. ) of the Diviſor, into 4 
110 
to which I add the 3 7. which 


0 Divifer of Concrete Numbers, 6g 
by of Buſhels; 3233 by the Golden Rule. Thus, 


: 2 4. 1 
12 
9 


6 Added. | 


_3 ddd 
219 Farthings. 
100 Crown divid. 


500 Shilling. 
12 


6000 Pence. 
4 


— 
24000 


4: 6: 14 — 


— 


70 ieee favenilt: Bi 
3. May not alſo Numbers of different Denominezion: be NAA 
and Divided by Others of the ſame, er diffenent Kinds? 
That many Numbers of the ſame Denominations, mij] 15 
uſefully multiply d and divided by one another; and that, W 
ther they be of the ſame, or of different kinds, ge ni 
the foregoing Example. They may be alſo multiply'd by will 
another will be ſhewn here after the R. of Three z which il 
ſuch as this 1 5 
If 3 Yards of Cloth colt 35 Shillings, what will 17 Tards coſt ? 10 
For in this Caſe, ſince the Numbers, in the Third Place, ar 
be multiply d by thoſe in the Second, which are quite of a OL 
ferent kind; and this Product again divided by the Firſt, iy 
{bald uſe only Multiplication or Dividon, that would be in wt 
 becaule the Product, or Quotient will be a mix d Num 
Which can't be denominatdſe. Wot 


4. Is not Multiplication aud Diviſim in Decimal, mare eaſily ) WI 
forma, than in other Valgar kinds of Meaſures and Values * <lh 
Without doubt: Fos if, for Inſtance, 7. 53 were v 
multiply'd by 2.4, you need do na more than write them doi 
and multiply them as if they were whole Numbers: Andi 
beſure to cut off as many Decimal Places from the Product, 
there were, both in the Multiplicand and the Multiplicator, ln 
gether : For the Product, ſo pointed, will be the true x 
of ſuch Multiplication. Thus, if 7 53 were to be multi} ON 

by 24, the Work will ſtand thus; ' 2 
7 « JZ . 

-- 


3012 
1506 , 
— — 


18.072 | 


** 


"x » * * 
— 4 4 4 ; $ 


And thus, alſo, if 18.07 were to be divided by 24, 6 1 


799 
fuk work as in Common Diviſion of Integers; only you 
bſerve that there be juſt as many Decimal Places in the DIR 


e 
WS, 
| ; i N 
: % 


4 * 
v4 


| ® | | Of Diviſion of Concrete Numbers. 71 

WD Quotient together, as there were in the Dividend, 
fore, ſince there were 3 Decimal Places in the Dividend 
, and but 1 in the Diviſor 24, there muſt be two places 


hat, vi ele in the Quotient: And the Work will ſand thus; 


ears 2.4) 18.0% ( 7.53 
._- . | d ; 
"4 F | = 168 
Whie 127 
120 
coſt ? 0 ; 72 
ce, at! K\ * * oe 2 
of a 80 = (0) | 
bp bo | 1 eppes theſe Decimals tre reduced into theſe Numbers of 


A Denominations, which they ( nearly enough) repreſent, would 
L NN and Diviſion in them be mubh mare difficuls 
” x _ > Ho | : 5 
| e p ; ; 3 | 
00 end you will find it fo in all Caſes. As for Inſtance, 
vou reckon'd the former Decimal Fractions, or rather 


em do [och 4, the other 2 Feet, 4 4, Engle Meaſure ; and 


Andi ere to multiply them, when reduced one into another, 

duct, t proceed thus; v 

ca OP + be" + of on Inch 7 Rer. s Inches, 4 of an Inch. 
Ss 12 5 


nulth = | "is 
TR 18 6 Added. 
N. 4 N | * 90 | 
ert of an Inch — ; 
Wyn. | 360 
5 I Added. | 
Multiplicand — 361 Quarters of Inches, 
361 
1083 


i 
beck Factors are firſt reduced to their Loweſt Denomi- 


F 4 | nation, 


and about } of a Quarter of an Inch more. See the Wai 


_ Meaſure. 


And being reduced, give 19 Feet, 5 Inches and a little a 
And after the ſame manner of Reduction muſt you have 


berty, which otherwiſe would ſeem the chiefeſt of thoſe Wl 


72 Arubmetica Juvenile + 9 
= 


nomination, and then multiply'd into one another to p 
the Product 11191, which repreſents Quarters of lu 


&. 


ceeded, if you had been required to Divide 7 Feet, 6 Ich 
by 2 Feet, 4 Inches, 1. After which, dividing 361 U) 
the Quotient will be 11 Quarters of an Inch, or 2 Inch«lil 


— 


31) 361 (1m uy 


— 


1 T7 # 8 


1 


F. But moabiuls great Difficult e and Tireſoome/ have cnt 0 15 
this moſt Noble Art, by the inconſid rate abuſe of Human Liben 
bus arbitrarily and variouſly dividimg the Integral Parts of 


» * 
* 
| There have indeed, and tis to be lamented : But vl 
grieve at moſt, that for this Evil we can find no other C 
Remedy than a Palliative one; and alſo, by reflecting ij * 


* 


x 


Mind, I obſerve this, That not only Sin, the greateſt of 9 
but almaſt all other Miſeries, Calamities and Troubles tha 
fal Mankind, ſpring from the inconſiderate abuſe of the 


. 
41 
＋ 


by which a Man differs and is diſtinguiſh'd from a Brute: 
alſo, in which he moſt nearly reſembles his Maker. Bu: 
ing this to be more fully weigh'd and conſider d by af, 
let us now proceed to other Parts of Ariehmyzickh may 


. Fractions apply'd to various Sabjefts, 9 
o po . J 
f In \_— 


ile | = 
bor 1 E H A P. IV. 
richs| ; fk 
61 by ong or Bzoken Numbers, apply d to various 


Subjects. 


| WW here not, therefore, a Diverſity in Fraftions, according as 
.be Nature of thoſe Things which they repreſent differ? 
bad 


1100 certainly : For theſe Fractions 4, 3, 4, Ce. will ſig- 
ming if they belong to Money, and qui e another 


The V relate to Weight, Meaſure, Ge. And the ſame Di- 


ve chere will be too in them, as they expreſs any one Spe- 
Liber i ſoney or Weight diltin from others of the ſame kind, 
ire; f WG therefore as we have taught before in F. 1. of the 


er, how to expreſs the ali{trafted Value of any Fra- 
Lines, ſo here we will teach you how to do it in the 


on WP arts of the proper Integers they belong to. 
er | * 


Qing u A . bew me the Rule of finding out the true Value of any Frattion 
eſt of i „„ Parts of its Integer ? | 


OT 

les th 1 Rule would be very natural to Divide the Value of the 
of the bo whoſe Fraction is given, by the Denominator of the 
thoſe ON ion, and multiply the Quotient by its Numerator: As 
Brute; 3 Noce; I deſire to find, after the moſt natural way, the 
But f this Fraction ? of 1 in Money (which is 20 Shil- 
by oi Firſt, 1 Divide 20 Shillings by 5, the Denominator 
| action, the Quotient is 4 : Next, I multiply 4 by the 
ator 2, and it gives ths Product 8, viz. Shillings ; and 
5 the true Value df the Fraction. But becauſe the Divilion 


o 


aue of every Integer can't be always made fo exact 
his Example . of a Pound Sterl. after the Divilion there 
g Remainder ) multiply, Firſt, the Numerator 9 by 
0 Number of known Parts of the next inferior Dena- 
n, and Divide the Product by 16, the Denominator 
eisen Fraction, the Quotient will be 11 Shillings, and 
rainder is 4, which multiply by 12, the number of 

* | Pence 


Product by 16, as before, the Quaticar will be 3 d. and 
done. | 


thoſe Rules, he ſhould rely wholly upon this Foundation in 


appear, the Sum or Difference of two ſeveral Fractions may 
had, whether they be of the ſame, or of different Denomim 
ons, I will here ſhew the Truth of this in the following Ern 


82 d. Or you might have added or ſubtracted the Vu 


2 little more than half a Farthing. 


mination: I 


reducing them to one and the ſame Denomination, bor 05 


and the third 6. 8 d. Therefore the, Sum of them al 


74 Aeiclmeritre — 5 


Pence in the next inferiour Denomination; and Divide 485 


3. And is not, therefore, the Addition or Subrra8jon of Fradi 
whoſe Value I have already found, eaſily to be perform 4 without 
Rules deliver d above in 8 1. of tbe Lat Chapter ? | 


It is fo ; but I would not adviſe any one, that laying al 


the Compurations of Fractions. By this way, alſo, as will 


ple. Let v. g. and + of a Crown be to be added; 3 havi 
found the Value of both ob. them, according to the Rule u 
verdin Queſt, 2. to be, Firſt, 3s. 6 4 4 . and the Sec 
25. 10 d. 5 4. their Sum is 6s 5 d. Buri the latter was to 
ſubtracted From the former, the Difference or Remainder 


Fractions brit, and then reduc'd the Sum ar Remainder aft 
wards ; ; and the Reſult would have been the ſame, For + al 
ed to F make 5, which reduc'd, gives as en 64. 5 4. 


4. And can t ehey be done ho the kh were of different t Den 


It is at laſt the ſame thing ; neither is there any need at all 


of adding or ſubtracting the Values of them. So, if 2, 7 + and 
of 2 Pound Sterling, were to be added, the Value * the firl 
by the former Rules, will be found to be 1 5 4. the ſecond 16 


1 I 175. $4. Thus alfo, if + ofa Pound were to be ſubtr 
cted from 5, knowing their Values to be 15 s. and 16 f. the 
will be no need of any Reduction of them to the ſame Denon 
nator; but barely ſubtract the leſſer Valye from the wwe 


the Remainder i is I 


5. 


Fractions applyd to various Subjects, - 73 


May not alſs Fraftions be Multiph'd and Divided by one ana- 
after we have thus found their Value © CN 

> doubt of it; for having multiply'd 4 of a Pound Sterling 
of the ſame, viz. 15 .. by 5 s. the Product is 75 s. which 
hou ed by 2.0 5. gives 31. 1575. the Value of the Product of the 
ven Fractions. But if 3, i. e. 15 5s, is to be divided by 
he Pound, or 5 s. the Quotient will give exactly 3 5. 
ion in WS many times 5 5. is contain d in 15. 


| will 1 7; 10 , therefore, to Extract the Root of any Fraction, the fame 

may 4, co Extract the Root of its value : | 

g Ex 's © : As for Inſtance, If the Square Root of , of 1 J. 
was required to be Extracted ; ſince the Value of that 


5 Jan | CE THREW 
Uule ion is 5 5. therefore the Square Root of 5 5. is the Root 
, Seco At Fraction, which when you proceed this way, is a Surd 


was tos and can't be expreſs'd ; for it will be more than 2, 23, 


aindet cſs than 2, 24, &©c. But the Root of f; taken abſtract- 

Vu ceaſily extracted, and found to be 4, l. e. 2. Now this 
er af reſpect of a Pound Srerl. is equal to 10 5. or 28 of a Pound. 
r the Square of 1o is 100, which divided by the Denomina- 
54. o, and conſidered abſtractedly, quotes 5 s. the value of 


t of this Fraction 2 of a Pound Srerl. were to be Extra- 
, if it be done abſtractedly, it will be 3, or 12s. : But if 
ſhould proceed by Reduction of it to its Value, you will 
a Surd and Ineffable Root as before. TO 


B. After the ſame way a Rule may be found for Extracting the 
ube Root of any Fraction. But becauſe theſe Speculations are too 
aſtruſe and difficule for Dung Students, neither, as I know of, 
ave been treated of by Others; they may therefore be negleted, as 


ien, ſhould be often practiced and rendred familiar, 


SECTION 


given Fraction gg of a Pound. And thus alſo of the Square 


being laſs neceſſary : But the Rule for finding the Value of any Fra- 
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- SECTION n. 
In which- are Contain'd , The Rules 
Proportion, Progreſſion, Alligatiq; 
Falſe, and the Lake. 
„ | 
Of the GoldenzKule x commonly calPd the Rul 


hee. 


. Mean by the Rule of Three ? 

1 mean the Rule, by which, having Three Numbers gi 
(hence call'd the Rule of Three) a Fourth proportional may 
tound, Which Thing, being of ſuch admirable Uſe throy 
out the whole Body of the Matheraticks, and alſo in all m 
ner of Traffick, ſome have call'd it (and not undefervedly)! 
— na And it is of two forts, one Direct, the ot 

nverie., 5 | 


2. What u the Rule of Three Direct ? 


Having Three. Terms Given, multiply the Second 1 
Third Number together, and divide the Product by the Fi 
the Quotient will be the Fourth Proportional ſought. T 
the following Examples, | 


> >= ,<= 
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V Ell of Cloth coſt 22 Crowns, what will 32 Ells coſt ? 
„ 250. 2 104 17. Operation; 


32 
- > 


5 
7) 20 (2 
=— 
223 (20 


LES 7) 72 
dw many Florins ought I to receive for 70 l. 15 . 6 4. 
Florin being eſtimated at 3 . 2d ? Anſwer, 447, Work 
imals, and the Operation will ſtand thus; 
166 « I 141850. 
31667 ) 4155 ( 447 
143820 
— 
1 221520 
you work by Neper't Bones, or if you make up the Mul- 
of your Divifor 9, or ſo many as you can by Mem 
J not ſo down the multiply'd Dlvlſor, 


y the reſt, you nee 
ubtract from the Dividend, 


ſpend ar the ſame Rate ? 
8 | 


* 4 T5z (38 Pound equal to the Mo- 
—_ 12 ney ſpent by $ Students, 


32 
43 


—— 


8 | if 


4 Students ſpend 19 J. in a certain time, What will 8 Stu - 


7 
— — 2 = = 5 £ - — — = 


is to the Third. 


2 Half wide to make one of? 


758 Arithmetica Juvenilis: 
If 21 Ounces of Silver Plate coſt 13 Ponnds, what j 
Price of 1 Ounce of that Plate? Anſwer, 55. 1 d. and! 
what more. — 
Operation —1 3 
| I 


13 Pound: in Money, 
$1)260 (5 Shill, 1 Pemy, 
255 


3. What is the Rule of Three Imverſs? 


Three Numbers being Given, Multiply the Fir#t by the d 
and Divide the Produce by the Third ; and the Quotient wil 
a Fourth Number, which is inverſly to the Second, as the] 


I. If 30 Labourers perform à Work in 4 Days, how n 
Days will 40 Labourers require to perform the fame We 
Anſw. 5 Days. | — —— | 

Operation — 30 
00120 (3 D. 

8 5 wp ww 5 . 

II. If 16 Ells of Cloth, 1 Ell wide, is ſufficient to mal 
Garment, how many muſt I have of Cloth (1 2) one El 

Anſw. 10 7). 

In the Firſt of which, 30 multiplied by 4 gives 120, i 
this Product divided by 40, the Quotient gives 3. In the; 
cond, having reduced all the Three Terms to Improper F 
tions 1, 1, 2, and inverted the Third, writing it 3. 
tiply, above 16 by 2, and below, 1 by 3, the Prod 
is , that is 10 ;. = Os | 


4. 


hat; 


and 


? 
s; only write the Three Terms, given at firſt, in an 
ſ Order, after this manner; * 
ample I. If 40 give 4, what will 30 Anſwer 3. 


a what os Anſwer, 10 3. | | 


ceth 120 ; and this Product divided by the Firſt, makes 
Likewiſe, in the Second Example, ſince the Diviſor, viz. 
irſt Term is here inverted, multiply above, 2 by 16, and 
„ 3 by 1, and the Quotient will again be , that is 


W ut how do you do to know (preſently, and at firſt ſight) 1 
ou muſt make uſe of the Direct Rule, or Inverſe ? 


o know this, we have the following Rule. If, the Firſt 


the Sul bigger than the Third, it appear that the Second, alſo, 
ent wii: to be bigger than the Fourth; or, on the contrary, the 
2s the being bigger than the Firſt, it appear that the Fourth 


t to be bigger than the Second, then we muſt make uſe of 
Direct Rule: But, on the contrary, if the Firſt be great- 
an the Third, and the Second ought, of neceſſity, to be 
han the Fourth (which the nature of the Queſtion will ſoon 
are: Or, again, if the Firſt Term be lefs than the Third, 


10w ll 
ie Wo 


| uſe the Inverſe Rule, or, by Numb. 4. change it into the 


ls are leſs than 32 ; and that tis plain, from the nature of 
MM Queſtion, that the Second Term, 22 Crowns, will alſo be 
o mai than the Fourth, (for, without making an Operation, tis 
e Elin that 7 Ells colt leſs than 32) therefore we make uſe of 
Direct Rule. Bur becauſe, in the. Firſt Example of Queſt. 


120, the Firſt Term 30, is leſs than the Third 40; and that tis 
In the manifeſt, that the Second 4, ought not to be leis than the 
Per rth, but greater (for the Work that 30 Labourers perform 
45 * our Days, the ſame 40 Labourers will perform in leſs time) 


efore we made uſe of the Inverſe Rule, oc elſe by Queff. 4. 
d it into the Direct. 6. Can 
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e Inverſe Rule be changed inte the Direct Rule of - 


ample I. I 1 give 16, what will 17 That is, f 


xr then the Third Term 30 multiplied by the Second 4, 


if the Second ought to be greater than the Fourth, then we 


ct. So, e.g. becauſe in the Firſt Example of Queſt. 2. 


| 
| 
| 
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42 f ing the Fractions to their reſpective Values ? 
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6. Can the Rule of Three, in Fractions, alſs be perform'd by i 


n 


Yes, it may; as will eaſily appear from the following 
amples, = „„ 
If + of of a th of Tea coſt 2 Crowns and a half, how m 
will 7 15 x coſt ? Firſt, find their true Values, and re 
them as low as is neceſſary : Thus 4 t is equal to 24 
Ounces ; 2 Crowns 4 are equal to 150 Pence; 7 15 f equ 
228 Half Ounces: Then place the Numbers, and work al 
.the Rule of Three. „ 2 


„ © 

24 :to150:;as 228, 5: 18:8 
150 
11400 
a 

| 2434200 ( 1425 Pence. 

12) 1428 ( 118 Shill, and 8 Pence 
31 185. 8 4. 


5 


7. What is the Compound Golden- Rule ? 


It is no other than the Rule of Three repeated; from wha 
It is call'd the Double Rule, becauſe it contains a double Queſti 
and is alſo performd by a double Operation. It is allo cl 
the Rule of Five Numbers, from its Five given Terms; Th 
| Whereof denote the Things, and the other Two the Cir 
ſtances of thoſe Things. Hence, in the Firſt Operation, we 
the Three given Things, and find a Fourth proportional: 
the Second are put the Two Circumſtances ; and between 
is plac d the Fourth proportional. E. G. If the Queftion be p 
pounded thus; g 

If 100 1. give 10. in 2 Years, what will 1000 J. gin 
5 Years ? | | 
_ - ſeparate the Things from the Circumſtances, and then I 
Firſt, 5 
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f 1001. give 10ʃ. Uſe (within two Years) how much will 
do J. (in the ſame time ?) tnfiver, 100), — 
n the Second Operation, I put the Circumſtances, with this 
tient (or Fourth Proportional } in the middle thus; 
2 Years give 100, what 5 Years? Gives 250. 
hat the Uſe of 1000 J. at 5. per Cent. will come to 250 J. 
Years. a | W | | 
3. Is there not a way to Contract theſe Two Operations into. One o 


There is ſo: And that is to Multiply the Things, firſt by 
r Circumſtances, viz. in the Laſt Queſtion (which was in the 
ct Rule of Three) 100 by 2, and 1000 by 5 Tears; and 
he Queſtion be then ſer thus; - | 
200 give 10, What 5000 ? Gives 2.50 , as before. 
Nut here is to be noted, That if in the two ſeparate Operations, 
r of them require the Inverſe Rule { which may ealily be 
wn) then in this latter Caſe, the firſt Thing ought to be 
Itiply d by the Circumſtance of the third; and the third by 
ircumſtance of the firſt, E. G. 
9 Buſhel of Provender ſerve 8 Horſes 12 Days, how long 
24 Buſhels laſt 16 Hortes? Anſwer, 16 Days? 
+ * Place the Number thus; | 


Pence, 


9 Buſhel. 12 Days. \ ud Bufhele, 

m wbe 8 Horſes, 106 Horſes. 
Queſt! then Multiply, eroſs-wiſe, 9 into 16 for the firſt Term: 
alſo ci 12 be the ſecond Term; and Multiply 8 by 24 for the 
s; Id Term; and then work as in the Direct Rule of Three, 
e (Ci the Work. „5 „„ 
n, We! 9 Buſhels. 12 Days. 24 Buſhels. 
onal : 8 Horſes. 5 16 Horſes, 
vween [ | 144 + | 12: 5 192. | 
m be jt R 
180 1 

144) 280% (16 Nos. 
then [6 : M 864 ( by 

C 
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Place; the Common Loſs or Gain in the ſecond Place, und the 


have gain d, in all, 1000, What is each Man's Share i 


then the Rule is call'd Felowſhip with Time. Firlt of all, 1 


Arithmetica Juvenilis: 0 


CH 
The other Rules of Pꝛopoꝛtion, founded on th 
Golden-ule, — 


'S W HAT is the Fiſt of Theſs Rules ? 


The Rule of Partnerſhip and Fellowſhip ; which proportia 
diſtributes the Common Loſs or Gain among ſeveral Per 
according to their Stocks, being of great Uſe in Merchu 
ing: It conſiſts in this; The Sum of the Stocks is put in th 


of every particular Partner is placed in the third: Then the | 
Rule of Three is repeated as often as there are Partners, or pi 
Stocks, As for Inſtance ; Three Merchants have gain d in 
Stock, the following Sums ; the Firſt 40001. the 

26301. the Third 900 l. (the Sum of which is 7530) and 


Gain? 
| W::- J. | 

If 7530 give 1000 ? U FN 
What will 4000? Anſw. 531 
What will 2630? Anſw. 349 
What will 900? Anſe. 119: 10: 


But if to the ſeveral Stocks there be adjoyn'd different ti 


O4 : 
55 


ar va 


tiply every particular Stock by its time, and after ward 
ceed according to the Rule; Thus; Suppoſe the Firſt Pu 


Put in —— 500 1. for 3 Year 
The Second 350 J. for̃ 5 Year pra = — they mo pr 
The Third 400 J. for 2 Tear!) . 


It will be the ſame (by multiplying every particular Stock h 

own Time) as if the Firſt had put in 1500 

. x750 Mo an equal I 
The Third 800) 


There 


fore it will follow ; as the Sum of the Stocks 3 
4050 J. to 1000 1. the whole Loſs 
i OP | 
1500? to 370 7 4 4 and ſomething more. 
1750? t0432 1 11 2 and ſomething above. 
800? to 197 10 7 7 and above Half a Farthing, 
rhich Quotients being collected into one Sum (which is 
19. Itd. 4 f. and ſomething over) give the Sum of 
Common Loſs. 5 


Which is the Second of the ſaid Ries ? 


on th 


portia 
ral Pei 
lercha 
tin th 
nd the 
n the | 


it is, as it were, a Tying and Binding together the diffe» 
prizes of the Things to be mix'd, in order to find one com- 
mean Price» The Order of it is this; Fir#, The Num- 
o be connected; the Leſſer firſt, and then the Greater, 
under one another, with the price of the Mixture writ« 


rd pon wn before them. Second, The Differences between the 
he of the Simples to be mix d, and the price of this Mixture 
o) and aced on the Right Hand, over againſt them; but their 


is inverted. Third, From the Rule of Three, we in- 
s the Sum of the Differences, to the Meaſure or Weight, 

Mixture deſired ; fo is any Difference, ſeparately, to the 
ure or Weight of any one of the Things to be mix d. 


Example 1. 


poſe 4. forts of Wines to be mix'd, whoſe prizes are 4 4. 
10 d. and 12 d. per Pint; How many Pints muſt I take off 
ſort to make any Quantity, of which a Pint may be ſold 


hare i 


erent ti 
f all, | 


warde WG part of the Rule, will ſtand thus; 


lt fu The Prizes of ebe Fine apart. | 
y have To 4 }3\ Difference between the pats 
"ole, price of the J 7 4—9 2 ticular prizes and the mean 


ure 9 d. 710 d.—|\ 1 


ö 3 0 | 7. 
12 d— 5 price in an inverted order, 


Stock bf 


e 


——— * 
2 
- 


qual I Sum of their Difference 11 


There 


Oer Kagerer: 257 


at which they commonly call the Rule of Allegation, be- 5 


4? The Number being placed according to the firſt and 


. ' Now 


” 
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Now the Sum of their Difference gives the Quantity, or M 
Number 11, which is to be the Firſt Term in the Rut 
8 Therefore if 11 gives 64 Pints, or any dther d 

ry 


1 4 17 Pints, and ſo many of 
Whar will A? 4nſw. 5 5:6 fort muſt be mix'd tog 
? Anſw.11 n ( to make it bear the pric 
? 


Anſw. 29 m) 9 d. per pint. 


Example 11. 
About the Prizes or Values of Silver, or Plate, of different Fin 


Suppoſe 3 forts of Silver, of the Fineneſi here mentia 
were to be mix d, fo that Half an Ounce of it were to be 
for 12 d. I then write down all, and work as before. 


The price of it when C10 4 the Half OunceYJ6C The D 
mix d, is 12 d. half Q 14 d. the Half Ounce 2 rence in 
Ounce. / 18 d. the Half Ounce 2 Inverſe0 


The Sum of their Difference — 10 


Now as the Sum of their Difference is to 1 1h. fo is each 
ference to the Quantity in Ounces, @&e. of each ſort to be n 
together. Therefore I fay, | 

If 10 gives 24 Half Ounces, 


1 (6? Anſw. 4 
What wild ? Anſw. 4 + 
C3? Anſw. 4 : 

The Proof this Operation is known by this; If the Sum af 

particular Quotients, gives the Quantity of the Mixr, and, 

particular Prizes of each thing, being collected into one Sun | 
equal to the price of the whole mix d: Both which happet 
the Er Example, For the Integer of the Quotients, give! 

Sum 62, and the adhering Fractions give 2, which tog 

make 64. And if we multiply the Pints, expreſs'd by en 

particular Quotient, by their correſponding Valuzs, e. g. 1) Here 

Pints, by 4 d. Ge. it produceth the value, or price of this 

tient 69 pence 1; of the ſecond Quotient 40 pence 11; oft 


J 


Half Ounces of each fort. 


The Rules of Proportion. -— 
116 pence f of the fourth 349 pence n; which col- 
d into one Sum, produce 576 pence, the price of the whole 
ure; and theſe divided by 64, produce Nine Pence, 
price of one Meaſure of the mix d. But in the other Exam- 


, or M 
e Rub 
ther N 


V of Me Sum of the Quotients, Fractions and all, gives, indeed, 
d top. .anticy of the mix'd exactly, viz. 24 Half Ounces ; but 


he pric rizesof the Quotients ſought, proportionally to the Values 
je Species, produce 12 pence, or 1 Shilling, for Half an 


ce of the mix d; and alſo 3 of a Shilling, and ſomething 


nt i. 

Which is the Third Rule of Proportions d 

is that which is commonly call'd the Rule of Falſe, or the 
of Poſition, becauſe by the Poſition of any ( manifeſt- 
falſe Number, or of two ſuch falſe ones, the true Num- 
ought is found. Therefore this Rule is double : the brit 
ngle Pgition; the other of Double Poſitions. 


to be 


he U 
ce in 
werſe o | | | 
| « What is the Rule of Single Poſition ? 


n the Rule of Single Poſition you muſt proceed thus ; For 
Number ſought take any one that will admit of the Circumſtances 
be Queſtion, and try whether it will Anſwer the Queſtion. If it do 
the Number thus taken, happens to be the true Number ſeugbs ; 
if not, conclude thus: As the Falſe Number found, is to 
Falſe Poſition, or Number aſſumed, fo is the True Number 


each | 


be 1 


rt. en, to the Truo Number ſought. 
ake this Queſtion for an Example: A certain Gameſter loſt 
Ml | his Money at Play ; and alſo Three Eighth parts of ir ; be- 
oy lt return d Home, he counts the Remainder, and finds it to be 
85 the Queſtion is, To know how many Pounds he had a 
” | ? For the Number fought, 1 take any one that can exact] 
77" divided into two, and into eight parts, e. g. 16, which is 
give nifeſtly a Falſe Number : For if I take from it balf, which 
8 8, and alſo three eighths of it, viz. 6, the Remainder, or 
nber found, will be but 2, whereas, it ought to be 15 : 
nl 0 erefore I infer, thus; As the Falſe Remainder 2, is to the 


I Poſition, or Number, aſſumed 16; fo is the Given Re- 
e Wes I maainder 
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mainder 15, to the True Number ſought, viz. 120. S0 
at firſt, 'tis plain, he had 120 J. 


N. B. Here the Truth is nos found by Falſhood, ( at u ſome have pri: 
 riouſly believ d) but by this True Principle, That the Falſe & 
mainder hath the fame Proportion to the Falſe Number, 
Poſition, producing it, as the True and Given Remain 
has to the True Number, or Poſition, producing it ; | 
the True Number, or Poſition is rightly concluded. | 


5. Tell me, alſo, what the Rule of Falſe of Double Poſition i | 


It is that Rule which teaches to Anſwer thoſe Queſtions if 
cannot be reſolv'd by only one Falſe Poſition, (which Queſt 
do very often occur) by computing two ſuch with one anoth 
and tis perform d after the following Method: For an Exanj 
rake this: A certain poor Schoolmaſter had ſo many Schad 
that if every one would have contributed 5 J. there would v 
but 30 l. to buy him a good Houſe ; but if each Scholar wa 
have given 6 /. there wou'd have been above the price of 
Houſe. The Queſtion is to know, how many Scholars th 
was? and conſequently, what was the value or price of 

Houſe? Firſt, I imagine the Number of Scholars tobe; 
Therefore in chis 


VPoſition J. 
Scholars 30 
Who giving each F 1. a piece, 
the Product will be 150“. 
Added — 30. 
180 the price of the Houſe accordin 
” Pol 


Scholars 30 
Who giving each 6 . 
180 
Bubtract — — 401. 
140 /. the price of the Houſe, 


Therefore, both Prizes (becauſe they agree not with one ano 
are falle, ering from a Falſe Poſition. Bur here, altho tt 
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two Falſe Products, and the True Product is yet unknown, 
e muſt not proceed after the ſame Method as in the Rule 
ingle Poſition, but work after another way in the 


» Sol 


Fall | Poſition u. 

umber, Scholars — oo 

Nemain Who giving —— 56S, 

git; Product is — 500. | 
And adding 30. that was wanting. 


ion 10 


530 1 the price of the Houſe. 


ſions i WW Scholars FS OLE 100 


Quelint Who giving — — Gl. | 
» NOW Product ĩs 600 J. And baving 


1 Exanf Subtraeted = ——.— . 
The price of the Houſe will be 5601. 


n the Firſt Poſition, the laſt price of the Houſe wants 401. 


- eig equal to the firſt. In the ſecond Poſition, the laſt price 
lars - eds the firſt by 301, Therefore I place tlie Falſe Numbers 
20 | their Errors thus : TOs „ 


J. Poſition 30 Error 40 Defective. 
II. Poſition 100 | Error 30 Exceſs. 


d having added here the Errors (if they were both poſitive) 
y give 70 for a Diviſor; and multiplying them, croſs-wile, 
othe two Numbers, ſet before them, they produce 4000 and 
o, the Aggregate of which, 4900, is for the Diviſor: 
erefore 4900 divided by 70, gives 70 alſo in the Quotient 
ich is the true Number of the Scholars ſought. For | 


If —— 70 Scholars give 
Each — FL 
The Product is 420 to which 
| 20 being added, „ 
nw  Gives=—380 l the price of the Houſe, 
tho tit 55 : 
G 4 


z Kuta, Juvenilis : 


11. 39 Scholars gies 
each = 6L 
— — p 


The Product! is 420 from a 
40 being ſubtracted, 


Gives = 380 the ſame Fs ; 


But if both Errors be of the fame kind l e. bath too much, 
both too little) the leſſer Error muſt be ſubtracted from | 
greater, for a Diviſor ; and having multiplied the Errors 
Poſitions croſs-wile, their Products alſa muſt be ſubtracted af 
from the other for a Dividend ; and the Divilion being end 
the Quotient will be, as before, the true Number PR. 1 
In the Firſt Poſttion, before, the ſuppoſed Number $25 | 
the laſt Price of the Houſe 40 /. * the firſt. It we in 1 
gine there were 50 Scholars, their Number multiply d by 
will produce 2 50; to which 30 being added, gives 280, f 
firſt price of the Houſe; the fame Number 50, multiply d 
6, produces 300; and having ſubtracted 40 from it, the 8 
mainder is „260, "the laſt price of the Houſe ; wanting 201. 
the firſt. And the Numbers will ſtand thus: 


I. Poſition, 30 | Error 40, Defective. 
. II. Poſition, FO Error 20, alſo DefeQive. 5 
Therefore 20 ſubtracted from = leaves 20, which is to! 
the Diviſor; ; alſo the Products of 20 in 30 ( that is Co 


of 40 in 50 (chat! is 2000) ſubtracted one from the other, ( vi 
the Leſſer from the Greater) leaves 1400 for. the Divide 


Therefore, this actually civided by that, 2 
200) 140.0 (70 fo 
N X 
* 


will give the true Number of Scholars TY as on Likewik 
in Peſitjan II. (the laſt preceeding bur one) 100, the ſuppoſ 
Number of * makes the laſt price of the Houle 30 

ox 


vi 


Number of Scholars to be 80, this Number multiply d by 
produceth 400; to which 30 being added, it makes 430, 
firſt price of the Houſe; but being multiplied by 6, it will 
ke 480; from which 40 being ſubtracted, leaves 440, the 


mbers will ſtand thus: 
I. Poſition, 100 | Error 30, Exceeding, 


much 5 | 
rom ll 11. Poſtion, Bo | Error 10, Exceeding allo. 
Tors 4! | | 


Fed f@erefore 10 ſubtracted from 30, the Remainder again is 20, 
g end ich is to be a Diviſor; alſo the Products of 30 into 80, (that 
ht. E400) and of 10 ia 100, (that is 1000), ſubtracted alſo from 
"nil another, leaves, as above, 1400 for the Dividend; which 
ww Ing divided after the uſual way, by 20, the Divifor already 
*d by nd, will give the ſame Quotient again, or 70 the Number 
80, (the Scholars ſought. : Ro 


"dr WY 3. 4 che Reaſon of the Rule of Falſe of One Poſuion, 1 clearly 
201 UC fo the Origin of the other of Two Poſitions is more obſcure 


ll obſerves in his Arithmetick) That this Rule, and the preceeding one 
= of ligation, were probably found out by making ſeveral Trials with 
7 Numbers, in Queſtions that were very eaſy , and known of 

( themſelves: And that Author, when he was about to find out 


4 . later Rule of Falſe, feign d be knew not of any Number, from 


0) 1 which having ſubtraBted 3, the Remainder would be 4; and there- 
er, ( fore, for trials fake, he took the Falſe Number 8, which when le 
vided Lad examin'd, according to the Tenor of the Queſtion be fuund, that 
„bad miſtook by I in Exceſi, and therefore, the ſecond time be took 
6, and preſently found that now he had fallen ſhort by 1; thare* 
fore, placing the Numbers in this Order ; | 


I. Polition, 8 _ t, Exceſs, 
Wy © Poſition, 6 Error , Defective, 


He eafily perceived, that 14, the Sum of the two Poſitions being di- 
vided by 2, the Sum of the Errors, would give 7, which be knew 
Wire, muſt of neveſſity, be the true Number, Like- 
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e than the firſt. If we imagine in the ſame Second Pofieion, = 


price of the Houſe exceeding the firſt by 101, And the 


and difficult to be found. But this we muſt Note, ( as Stifelius 


90 OO drithmutica Juvenilis : © 
Likewiſe, having talen mo other Numbers, " E. G. Is the 


I. Poſition, 9 | the Error found to be 2 Exceſs. 


II. Poſition, 6 Error — I Defective. 


3 Sum of the Enuff 


He obſerved, that if I 5, the Sum of the Numbers taken, vu 
divided, as before, by 3, the Sum of the Errors, it would not gif 
73 but it would give it (which thing be had often try'd) if the | 
of the Products of 2. in 6, and of 1 in 9, multiply d croſs-wi, 4 
( viz. 21) were divided by 3, the Sum of the Errors: And ba 

ing try d the ſame thing by two other Numbers, viz. theſe. 4 


I. Poſition 10 * 3 Excels. 
II. Poſition 5 | Error 2 Deficient, 


And finding that the Sum of their Product, ( viz. 35) mad 
 multiphing them croſs-wiſe, being divided by 5, the Sum of 
Errors, do make 7, the Number ſought ; at length he concluded, ſn 
one Error was in the Exceſs, the other Deficient, that the the N 

miſt always be perform d by the ſaid Sums after the foregoing Methi 


| 


I. Poſition 4 | Error 3 Deficient. , f 
II. Poſition 6 | Error 1 alſo Deficient. | 10 
J. Poſition 12 | Error 5 Exceſs. 1 
IL Poſition 9 | Error 2 Exceſs. 4 


In which Numbers, the Error is either Defective in both places or EW! 
ceed: in both; and when he found that nothing could obtain'd þ tf 
their Sumi, he try d Diviſion, by the Differences of the Errors, a, 
Products made by multiplying creſ»wiſe ; and when he had ga, 
obtain d his End by this Method alſo ; and afterwards had found ou 
the Truth, in more difficult and abſtruſe Queſtions, by theſe two von 
be at laft eſtabliſp d this for a _ Fe | 


CHAP 


CHAP. III. 
Of the RULES of PROGRESSION. 


s Proportion conſiſts in three or four Terms, continually keep- 
dhe ſame Ratio; ſo Progreſſion is nothing elſe, but the pro- 
Lon of many Terms, proceeding on continually in the ſame 
jo. And as Proportion is of two forts , one Arithmetical, in 
zieh the firſt Term exceeds the ſecond, the ſecond the third, 
third the fourth, by an equal Exceſs or Difference; as in 
ee, 10, 4, 7, 1; always decreaſing ; or, on the contrary, 
firſt is exceeded by the ſecond, the ſecond by the third, &c. 
the ſame Differences as in theſe 2, F, 12, 17: The other 
ometrical, When the Terms contain, or are contain'd, in one 
other equally ; fo that the firſt is contain d in the ſecond, as of- 
Wn as the ſecond is contain'd in the third, and the third in the 
Wurth ; as for. Inſtance 3 In theſe 32, 16, 8, 4; or in theſe, 
6, 18, 54: So Progreſſonalſo is of 1wo kinds, one Arithmetie 
. viz. of many Terms, encreaſing, or decreaſing by the ſame 
ifference, as in theſe, 22, 19, 16, 13, 10, 7, 4, 1; or in 
eſe, 3, 7, 12, 17, 22,27, 32, Ce. The other Geometrical, 
ſo of many Terms, encreaſing or decreaſing, in the ſame pro- 
ortion to one another, as in theſe, 256, 928, 64, 32, 16, 8, 
,2; orintheſe, 2, 6, 18, 54, 162, 486, 1458, Ge. But 
y the Rules of Progreſſion, I underſtand thoſe, by which the Sums 
f ſuch Progreſſions are compendiouſly collected. 


2. Cannot ſuch Progreſſions as theſe, be collected into one Sum, after 
be Vulger Ny of Addition *® | | 
They may fo, if the Number of Terms in the Progreſſion 
de not very great; ſo that being written down under one ano» 
her in a perpendicular Series, or Rank, and collected into one 
dum, after the vulgar way of Addition, there will be no _ of 
| ew 


0 wa 


AAP 
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N 4 W HAT do you mean by Progreſſion, and their Rules ? 


9% _ . FJavenile drithmgtick: !:! 
New Rules. But becauſe ſome Series of New Progreſſt 
nals are too long, ſo that in , ſome Queſtions they contain 

hundred, two hundred and ſometimes above a thouſand Term 

it would be an immenſe :Labaur, either to find, Firſt, fo ma 

Numbers, and to write them down under one another; and if 

ſo to collect them into long and tedious Sums ; Therefore, lf 

theſe Rules, which be here delivered by knowing only the fi 
and laſt, or ſome initial Terms of the longeſt Series that is; tha 

Addition into one Sum, may be eaſily and briefly perform d 


'D. Pray, therefore, what is your Eaſy Rules for finding the 90 | 
of all the Terms of Long Arithmetical Progreſſion ? ; 


The Rule in ſhort is this, Multiply the Sum of the faſt and 1 
ef the whole Progreſſion, ' GR 


Crample I. 


How many Strokes doth the Clock firjke, in numbring lf 
all the Hours in a Natural Day, or as they account in 14 
from 1 a Clock to 24 ? Here the Sum of the firſt and laſt Tei 
is 2 5, which being multiply'd by 1 2, half the number of Tem 
gives the Product 300, which is the number of the Strokes i 
Clock ſtrikes (telling the Hours only) in a Natural Day, « 
during the ſpace of 24. Hours. | 
Example II. 5 
An hundred Eggs being placed in a right Line, each tm 
Yards from the other; a Perſon is required to gather them uf 
one by one, and to put them ſingle into a Basket, which ſtand 
two Yards from the firſt Egg: Tis required to find how mn 
ny Yards the Perſon went in all. Nl . 
Tis plain, that in fetching the firſt Egg, and bringing itt 
the Basket, he went 4 Yards, which therefore may be reckoni 
as the firſt Term; and fince there were an hundred Eggs, an 
every one of theſe two Yards diſtant from the other next to i 
each of theſe Eggs will require his going two Yards forward 
and two Yards backwards; wherefore 400 is the laſt Tem ru 
therefore, the Sum of the firſt and laſt Terms is 404, 21 cf 
. 5 multipi) hl 


W W Ca Tf — 4 


8 
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Iriply'd by 50, half the number of the Termsis 20200 Yards, | 


eren reducd, gives 2 Miles and 400 Yards 
contain | N 
on B. "Tis plaim, therefore, that in order to colle into one Sum, an 


100 Terms in Arithmetical Progreſſion, you need only know the 


; _ Mo firſt and the laft ; which being written domn, and added together, 
the chen maultiph'd by a ſmall Number, you may come to know the 
© he sm of cbe whole Progreſſion very compendiouſly, which if you had 
1s, 44510 obtain the common way, you muſt have written down al thoſe 
+ hs hundred Terms, whoſe common Difference i; 4, and then added them 
the $ all up into one Sum, which would have been very tedious and trou- 


bleſome. | . . 
3. Can you find, with the ſame eaſe, the dum of any Series in Gev= 
trical Progreſſion, or Proportion 2 . N 


res. If the firſt Term, and common Ratio ( which two 
e always given) and the laſt Term be but known; and for 


ring ei there is this plain and euſy Rule; Divitle the Difference between 
t in 1 n and la Term, by the common Ratio, ſeſſen d by Dc, und 
t Ten e Lorient will be the Sum of all the Terms, except the laſt; 
f Tem h 44, Term, being added to the ſaid Quotient, ſhall give the entire 
rokes n of che whole Pg is. OS: 
Day, 7 . . 


A Gentleman ſells his Horſe, according to the number of 
ails (32) that were uſed in faſtning on his Shoes, on this 
ondition, That for the firſt Nail there be paid 1 Farthing, 2 
or the ſcond, 4 for the third, 8 for the fourth, and ſoon in a 
uplicate proportion; and let the laſt Term (which is to be 
aid for the thirty ſecond Nail) to be found alſo, by another 
ompendious Rule, be 214748 3648 Fatthings; therefore, 
aving ſubtracted the firſt Term 1, from this laſt, the Diffe- 
ence will be this very Number, leſfen'd only by Unity in the 
Right Hand Figure 


ach tm 
them ij 
h ſtand 
30W mn 


ing itt 
reckon 
4 
xt to 
2r ward 
Term 
, which 


ultiply' 


21474336479 
This Difference divided by 2, the Name of the Ratio, (lefſen'd 

uſt by Unity) 5. e. by 1 (Which can't divide any thing) leaves 
| E | | that 
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that ſame Number for a Quotient, which is the Sum of all 
antecedent Terms, except tlie laſt; therefore, having add 
theſe to that former, . | 
221247483647 
2147484648 


The whole Sum is — 4 9496 829 5 Farthings, which bein | 
reduced, will give the Price of the Horſe, according to the By 
gain, viz. (by dividing them firſt by 4, then by 12, and lui 


ly by 20) 4473925 l. 66. 1 d. + 7. 


F. Therefore the whole Buſineſi, tems to me, to depend on ti 
that in both ſorts of Progreſſions, the laft Term be found, altbo' the af 
termediate ones be not known ? | 


You have gueſs'd right, and for this End there are found o 4 
two Compendious Rules, the firſt of which belongs to Ari 
metical Progreſſions, and js this; Mulciply che Given Difference 1 
the Given Number of Terms leſſen d by Unity, and add the Produtt ; 
tbe firft Term, alſo given, and thus you will bave the lat. FE; 


Erample 1. 


The Given Difference in the the Example II. Que. 92 was, ; 
and the number of Terms 100; from which Number ſubtrad 
1, and multiply the Remainder 99, by the Given Difference 


1 
N. 


| 99 
By — 4 — Difference. 
1 396 
The firſt Term added 4 
And thus the laſt Term, —— 
is found to be 5 400 


55 Example II. 5 2 

A Library, containing 200 Books, is fold, on this Conditi- k 
on, That the firſt Book be bought for 2 d. the ſecond for 4.4 e 
the third for 6 d. &c. all the Numbers, or Terms, increaſing by 
the! _— Difference 2; What is the price of the 1 


. 
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f all | e Number of Terms, leſſen d by 1 i 129 
8 2 | ltiply d by the Common Difference 2 


— 


n 
N Add the firſt Term —— 2 
- id it will give the laſt Term, or hs 
_ * | Price of To laſt Book — " 409 
the | : 


pw if (according to the Rule of Que. 3) the Sum of the firſt 
d laſt, vix- 402, be multiply'd by half the number of Terms 
o, the Product will give 4.02.00 Pence, the price of the 
ole Library; which being reduced into Pounds ( by Divid- 
them firſt by 12, then by 20.) : 


12) 49200 ( 3350 Shilling, 
SEES + - | EE 


and li 


4 on thi 
bo' the nf 


F 
« 


o Aritia 
ference if 


>. on 
210) 33510 (167 Pounds. 


1 


Will give = = 167 l. 10 . 


6. Can ee Laſt Term in Geometrical Progreſſions, be found with 

ſams facility ® ; AE 

To tell you the plain Truth, this requires a little more pains, 
in compariſon of rhe great Labour that will follow in find- 

g the laſt Term by the Common Way, it will be but as play 


Sonditl. he Foundation conſiſts in this, having found at leaſt ſome of 
for 4.4 Ne frft Terms, e. g. theſe Ten, which are in a Duplicate Pro- 
ſing by eſſion, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512. 
he laſt o i ü it iv » ve vii vii ix 


And 
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And having ſubſcribd the Natural Numbers, bepinning | 
a Cypher (which we ſhall hereafter call the Indexes of 
Numbers written over them) we try, if we add the Index 
any two Numbers, e. g. ii and iv (of the Numbers 4, | 
and ſeek their Sum vi, among the Indexes, whether (64)i 
Number written over them, anſwers the very Number wh; 
would be produced by multiplying together the two afſin 
Numbers (4 and 16) and from hence we laid down this R 
If the Index of any Term ſought e. g. of the fifteenth, Whoſe In: 
is xiv, (viʒ · always being leſs by Unity than the Number of # 
Term) be compounded of any two Indexes, here ſtanding (e. g. d 
and ix, or vi and viii, or vii and vii) and ehe Numbers anſon 
to them be multiply d by one another, and their Product divided hj 
firſt Term (which here is 1, and therefore makes no Alterati 
it will give the Term required: And after the ſame manner, 
laſt Term of any Series whatever may be found. E. G. 


_, VIM aj 
_ByVI «8 
1024 

1 
Produceth for XIV 1638; 
65536 

I 131072 

And if this firſt Product be ä 7 
multiply d by it ſelf, it wil! 98304 

give the Twenty Ninth Term, Re 163 84 

whole Index is — —XVXVVIII 26843 5 456 
Alſo that the Nn I UCENIE 
Term may be had; being the XXXI 2147482648 
laſt in the Example of Queſt. .. 47 48364 
(which was there only ſuppoſed) multiply the Term, juſt nc 
tound, by the fourth, whoſe Index is iii. 5 


If you were deſired to proceed farther in the ſame Duplicd 
Progreſſion, to find the 40th Term. To Anſwer this other 
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, viz. Of 40 Cities that are fold on the forefaid Conditions, 
hat the firſt City be eſteem'd worth x Penny, the ſecond 2, 
the third 4 Pence, &c. : 


XXXI - = 2147483648 

r 
CE 12884901888 
| 10737418240 

_ 42949522990 

XXXIX 549755813888 


ltiply the Number, juſt now found, by the gth Term, 
oſe Index is iix, viz. by 256, and that will give the goth, 
his laſt Term, whoſe Index is xxxix : But if you would 
w the whole Sum of all the Terms, according to the Rule 
Nation 4. ſubtract the firſt Term 1 , from this laſt ; and 
divide the Remainder by the name of the Reo leſſen d by 
ty, . e. by 1, the Quotient will be the very ſame Number, 
abating 1 in the Right Hand Figure, ſo that the Sum of 
except the laſt, is —— 549755813887 


ning 
xes of 
Indexe 


'S 4, 1 


— 


1536 which having added the laſt — — 549755812888 _ 
16384 || give the whole Sum —— — 1cg9511627775 

6384 iſ icfore the Price of the 40 Cities (having reduced theſe in- 
5536 Pounds) will be 45812984491. Is. 3d. A good Price 


ed, but they muſt be 40 good Cities that are worth it. 


Example III. 


hen Seſſa Ebn Dahir ( an Indian) preſented the Play of the 
board, which he found out, to King Scheramw, that Prince 
ſo Admire the Excellence of the Invention, that he bid Dahir 
of him whatever he pleaſed, and it ſhould be granted him; 
o required no other Gift, than that laying a Grain of Wheat 
the firſt Square, it might be doubled as often as there were 
ares on the Board, (which was 64. } The King being 
atly Diſpleaſed at him, for asking ſo ſmall a Reward, com- 
nded his Servants to give him juſt that Number, and not one 
in above: Which when his Secretary had computed. they 
ught him word, That there were not to be found on the 
ole Farth, much leſs in bis Kingdom, a Quantity of Wheat 
. R 1 cqua 
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equal to that Sum. After he had heard this, and they had 
monſtrated it to him, he was as much pleaſed now with the 
genuity of the Petition, as he was before with that of the 
vention. In order to find the Number of Grains of this y 
derful Quantity of Wheat; you need only have the Nui 
produced by the laſt Doubling 5 which will not be ſo diff 
a Task to obtain, as at firſt ſight it appears; if you proce 
the following Method, beginning at Unity, double the M 

Corns on to eight times; and write the Indexes under then 
has been before taught; then will 256, which ſtands u 
viii, if multiplied into it ſelf, produce the 16th place, w 
Product, multiply d alſo into it ſelf, or ſquared, will give 
Number anſwering to the 32d Doubling ; And if this laſt 
duct be again ſquared, it will give the 64th Place; which 
ing 1 more than was required (for the Index of 1 is o) wi 
equal to the Sum of all the Doublings, and x more. þ 
you would find their Sum, according to the Rule before di 
ed, find firſt, by help of the Indexes, as is above ſhew d, the 
place; and that Number multiply d into it felf, will gin 
62d place; which doubled, gives the 63d place; which 
added again to it ſelf, (firſt ſubtracting 1 from the Right 
Figure)ſhews you the Sum of all the Wheat Corns deſired 
the Work. 9 5 | 


31. — 2147483648 ,...... 
31.— 21474836489 * 
62. 461 16860184273 87904 


63. 9223 372036854775 808 


all the | 
endo; © 9233720368547 75807 


* and * 1844440551614 Wheat Corn, 


* 


„ 


— 


Now that we may give ſome Idea of the Quantity of for 
Wheat, let us ſuppoſe that there are 10000 Corus in 
Pint, which is too much, then may you find by tryal,! 
5120000 Will make one Quarter; but however ſuppo 
for ſhortneſsſake: that there be 10000000 in a Quarter; 


—_—_ 
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ill the Numbers of Quarters be 1844674407370, that is 
61168601842 Loads. Now ſuppoſe Wheat to be worth 
t 51. a Load, which is a very low rate, the Corn will be 
orth in our Money 2 305 843009210 l. which Sum divided 
y 20 (Land being worth, (ſuppoſe 20 Years purchaſe) gives 
152921504601, per Amum for ever. And for the Stavage 
Carriage of it, ſince there are 46 1168601 842 Loads or 
uns, If you divide that by xooo it will give you in the 
uotient the number of Ships of 1 000 Tun a piece, which are 
quired to carry this Wheat, viz. 46116860, which is above 
5 Millions of ſuch Ships as the New Sovereign; and which 
n no where be found upon the whole Globe. 
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SECTION IV. 
of ALGEBRA. | 


3 — 1 * * 


2 


* Ra 
XR: 


HAI do you mean by this Barbarous Word Algebra? 


By it J underſtand the Method or Art of Inveſtigating a 
finding out the Truth of the moſt abſtruſe Queſtions ; for i 
Reſolving of which, the Rules hitherto delivered are not ſuffi 

ent; which Method or Art was known to Plato and other cl 
cians before him; afterwards twas reduc'd into a better Or 
by Diophantus of Alexandria ; by the Arabians, who, it is though 
receiv'd it from the Indians, it was ſet forth after another way 
from them it came to the Moors, from them into Spain, fra 
Spain into England, and ſince it is ſpread throughout all the Pan 
of Europe. But as to the word Algebra,the famous Dr. Mall; de 
rives it, with much greater probability, from the 4rabick 4M 
giabr, than from the Common Story of one Giber the ſuppoſe 
Inventer of it. The Italians call it Regula Rei aut Coſæ, Tit 
Rule of Coß, as our Germans corruptly pronounce it. 


2. In what doth this Method of Inveſtigating Truth conſiſt ; or, 6 
what Rules is it. contain d 5 | 


To tell you the plain Truth, tis fooner In d by Uſe ant 
Exerc iſe, than by Rules and Precepts : Nevertheleſs, the whot 
Frocels is carried on and finiſh d by theſe General Operations, 


Eirft, Whatever Quantities are found in any Queſtion, are wr” 


A 01 
ually known and denominated, or if they ate unknown, they 
t be denominated by ſome Character till they come to be 
down, after the uſual and compendious way of taking the laſt 
ters of the Alphabet x, y, xz, &c. and this Firlt Operation 
. icall'd Denomination. Secondly, the Things thus denominated 
7 [y promiſcuouſly handled and compared with one another, as 
they were all equally known, according to the Tenor and 
W-nditions of the Queſtion, till at laſt, by vertue of ſome brit 
Winciple, or of a Propoſition already demonſtrated , two 
antities emerge, that are manifeſtly equal; and this is com- 
Wonly calld Eʒuation. Thirdly, The two equal Quantities be- 
tus found, we muſt add to, or ſubtract ſrom each ſide of 
Wis Equation the fame or equal Quantities; or we mult 
oltiply or Divide on each {ide by. ſome equal Quantity, as 
WE: thing it ſelf requires, till on one fide of this Æquation there 
rains but one unknown Quantity, without any Co efficiente, 
r oftentimes there are many unknown Quantities, but they 
„bend all on one meerly ſuch ) or without any Adfection; 
ating ug on the other ſide, only the Quantities known are defined 
; for 8 Dcterminate Numbers, viz. in Numerical Queſtions, which 
oe ſuff Woperly belong to Algebra, (for in Geometrical Queſtions, and 
ther oe like, there is a higher and more Univerſal and Sublimer fort 


3 


gebra? 


ter Ord Arithmetick, which they call Specious Analiſes which we ſhall 
though ve to the Learned in the Schools) and this T hird Operation 
fer Wa} called Reduction of AquatioN and by this Means difcovers 
wh 0 5 e Truth which before was unknown. | 

£ | 
Mali d 3. Since theſe Operations, and alſo the whole Proceſs of Algebra, 
rabick ned beſt by Examples and Practice, let us come even now t0 


me Examples, 


We ſhall do this the very next Thing we go about ; bur on 
is Choice, that whereas in our Matheſis Compendiaria we have 
ompiled Six Decads of ſuch Examples; here we ſhall give ſome 
ew ones, and add them to the former, for the more frequent 
xerciſe of the Practice. Take this for the 


ſuppoſe 
2, Int 


; or, f 


Uſe and 
he wholt 
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Arithmetica Juvenilis 5 


Example I. 


To find 4 Number whoſe Third Part, together with its Fourth Pa 
will make 3 7 | 
Fir#, I call the unknown Number ſqught x ; therefore; 
Third Part alſo unknown ( but if x were known, it wol 


ſoon be found) will be = and its Fourth W. Nl 


the Sum of theſe is expreſly given 35 ; ſo that there is not 
in the Queſtion that hath not its Noratzow or Name. Seco 
Having compared theſe partly Known, and partly Unknoll 


Quantities with one another, you will have this following 
-quation, expreſs d in the Queſtion, | 


„ 
1 


Thirdly, There remains now, only the Reduction of this qu ö 
tion; to do which, it is neceſſary, firſt of all, to reduce th 


i . * * ä 1 
two Unknown Fractions == F 7 to one Common Denon 


| 2 - „ . | * * 
ator, that is to bring them into theſe other 2 and _ t 


: : : | * | ( 
to co lect them into this one ſo that now the Aquin 
| | 15 | 


Tow 


will ſtar d in this Form - 


ate End of Reduction, is to remo 


Now, (ſince the _ 
| the Quantities that adhere or adde 


by contrary Operations, a 


the unknown Quantity, either by Addition or Subtraction, Milf 
tiplication or Divition 3 obſerving alway that whatever be dot 


on one (ide of the Aquation, muſt alſo be done on the oth! 
to keep the Equality) therefore becauſe 7 x are Divided by 1 
fo that on one ſide (only by taking away the Divifor) there 
mains 7 x whole; and on the other ſide of the quit 
420, fo that now this will be the Form of the AZquatior 
| y 420 | 
But becauſe the Number 7 is ſtill joyn'd to the Unknown Quit 


rity x, I Divide both ſides of the Æquation by 7; and the 
i : | | WII 


de 
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remain only the Unknown Quantity x = to 60; ſo that 
alue is now diſcover'd and found out. Furebly, This is 
olutely confirm'd by a manifeſt Experiment,v:z. that 2.0, the 
ird Part of this Number 60, together with 1 5 its Fourth 
t, make 3 51. : | | 


th Pa 
efore 
* Erample II. 

N Number, whoſe Third Pars exceeds its Fomth Part by Nine. 


= it 1 irſt, Denomination. Let the Number fought be called x, 
nknoi r bird Part will be 75 and its Fourth , now the former 
i heſe two mult exceed the latter by Nine, Having therefore 


x | 3 x 9 
cd theſe two Fractions —and — into two other of the 


hc value, having one Common Denominator —_ 2 

qu 4 | 1 

ice ti the former exceeds the latter by Nine; if to this latter you | 
4 . © . * * 

Jenn 9, you will have this Equation, = — 15 — 9;there- 
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eto begin the Reduction, becauſe there is found an unknown 
Wantity on both ſides, which ought to be found but on one 
e; I ſubtract the leſſer unknown Quantity from both ſides, 


3x | 
I2 | 


quaii 1x =. ; 
3 and there will remain 3 on one ſide, & 


ine on the other, and the Æquation will appear in theſe more 
mple Terms = 9, La, That I may have & alone 


170 
Fl! 
1 
fl 

1 

1 

n 

* 


remo 


rade 11 

„ Mud entire (which is here divided 12) I multiply both ſides of 
x de / Equation by 1 2, fo that now x = 108, which is thezdelired 
othe umber; which I alſo prove a Peſterieri, to be the Number 
y 12 Wat hath the Conditions given in the Quellion, viz. by ſeekin 
ere : Third Part 36, and its Fourth 27; and by ſubtracting this 


Juatic 
ation 


Quan 
th 
ul 


= that 1 may have the Exceſs or Remainder, which is 9. 
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104 © drithmetica Juvenilis: 


Example III. 


To find any 1 Mean Proportional between 1 0 and = A 
is, ſuch a Number, whoſe Difference from the firft (10) to ul 1 | 
Difference of the ſame from the Third (15) hath the ſame Pran, 2 
tion as the Hit Term 10, hath to the third 15. 3 


Becauſe the firſt and third Terms are given 10 and 1 5, U 4 3 
Mean Proportional, which is ſought, I'call, in the meal 
time x, which, ſince it ought to be greater than the firſt, aſl 
leſs than the laſt, its Difference from the firſt will be x—1:Þ 
and from the laſt, 15—x, (viz. by ſubtracting the Leſſer A | 
the Greater; which Subtraction in Literal Notations can't # 1 
perform d otherwiſe, than by the Negative Sign —) which by 4 
ing done, all the Quantities in the Queſtion, known or u I 
known, are Denominated. The Queſt ion it ſelf furniſheth 
again with an /quarion (Which always happens, but in ne 
Queſtions more clearly and directly, in others more occull 1 
and by more tedious Operations) becauſe tis ſuppoſed, thai 
10 is to 15, fo is the Difference x — 10 to the Diftcrlf 4 

15 — x. Which four Terms, ſince they are, by Suppoſe 
Geometrical Proportionals, the Rectangle contain'd under u 
firſt and laſt, is equal to the Rectangle of the two Mean Tem 
(by an univerſal Property of Proportionals, which we han 
demonſtrated in another Book, and is here ſuppoſed ) 1 
10 — ro =I5x —I50, 7 For 10 by 15 makes 17 1 
and 10 by —x gives — 10; for a Politive multiplied by ij 
Negative, produces a Negative, which is here alſo ſuppoſed, uM 
being demonſtrated elſewhere.) And that we may Reduce tdi 
AÆquation the more commodioully, ſince the Unknown Qua 
tity x, 1s found on both ſides, add 10x to each fide of tif 
Æquation, then the 10x which are Negatives, that is, ſuch: 
| Defect will be taken away and vaniſh on one (ide, and the a 
ther {ide will have 10 x added to it, that the Equality maj 
remain on both ſides; and conſequently this will be the Fon 
of the Aquation, 150 =25x— 150. Likewiſe I add 
(or rather ſupply) this Defect 150 on the Right Hand, ant 
there will remain 25 x alone and intire; but I add 150 a: 


ſo to the Left Side, ſo that the Kquation will appe#” in thi 
| Fun 
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n, 300 =25 x. Laſtly, becauſe the unknown Quantity 
ain multiplied by 25, that I may have the Value of æ a- 
„I divide both Sides by 25, and this will be the laſt Æqua - 
12 = x, i e. the Harmonical Mean Proportional ſought 
n 1 alſo, over and above, prove thus: Firſt, I ſeek the 
W-c-ncc between 12 and 10, viz 2; and alſo the Difference 
een 12 and 15, viz. 3. Then it is manifeſt, that 2 is 
in the ſame Proportion, as 10 to 15. 2: 3:: 10: 15 
oltiplying the Extreme and Mean Terms into one another, 
:30 for 15 multiplied by 2 gives 30, and 10 multiplied 
makes 30 allo. =: py 


is a Wall whoſe Length is double its Height ; andits Height 
uintuple its Breadth ; and it contains 13 50 Cubick Feet; I de- 
and Length, Height and Breadth of this Wall. 8 


1, I ſee that if the Breadth were known, its Height 
ebe known; and its Height being known, its Length 
a be known alſo : Wherefore for its Thickneſs or Breadth, 
ee chief thing unknown, I put  ( See Eg. 10. then its 

aht will be 5 *, and its Length xo x. All the Dimenſions 
gs thus denominated, there is nothing elſe required for the 
uation, than that the Solid Content of the Wall be ſought 

eſe unknown Dimenſions. I 


- 


Length — — — 19 x Multiply'd 
, 

Wes the Superfices of the Wall Fo xx. This Multiply d 

4 by the Breadth = ox | 

Gives — — — po xxx, the whole Solidity. 


Wcrefore - 50 * = 1350, and Dividing both ſides of the 
«tion by 5o K* will remain = 27 : And Extracting the 
ee Root of both theſe, there remains x = z Feet for the 
uickneſs of the Wall, wherefore its Height is 1 5 Foot, and its 
ngth 30 Foot; which may otherwiſe be proved thus: If 


ſe Three Dimenſions be multiply'd into one another, the 
duct will give the Solidity of the Wall 13 50. : 


Crample 


_—- Arithmetica Juvenilis : 


785 Example V. | 
read, That formerly between the Mountain Thornax and the? 
Halix, there was a Trench dugg, whoſe Length was thirty ti 
it: Breadth, and the Breadth triple its Depth ; its whole Capy 
was ſuppoſed to be 13840 Cubick Feet : Mat were the Particy 
Dimenſions of ut ? „ ö 1 


Let x be put for the Depth, ( See Fig. 2.) then will ff 
Breadth be 3 x, and the Length 90 ; therefore theſe Dine 
ſions being Multiply'd into one another, the Product wil 
270x? and conſequently (all the Parts of the Queſtion bi 
thus rightly denominated) the Æquation appears thus, 270 
= 138240. Divide both ſides of the Equation 270, th 
will x3 = 512; and by Extracting the Cube Root of af 
fide x = 8, b. e. the Depth of the Trench; therefote 
Breadth is 24, and its Length 720 Foot, which may be pn 
ed thus: If the Dimenſions juſt now found, be multiply'd 
one another, they will produce the Given Capacity. 


Crample VI. 


The Epicurean Greeks accounted their Thrium amongſt their wi 
delicious Dainties : It was a kind of Cake or Wafer of a determina 
Weight ; one Third part of it was of the fineſt Wheat-flower, 

Sixth of it was of Eggs, together with an Ounce and half of Li 
and Honey, of each an equal Portion: To theſe they adit 
xer or Hemina of Milk (which contain d Nine Ounces) th 
tbings mixed in this Proportion they baked upon a Fig Leaf, fl 
&hence it took its Name of Thrium, for the Greeks call a H 
leaf Ogioy. The Queſtion is, What was the Weight of the alt 
Cake, and how much did each Part weigh ? 1 


Suppoſe the Weight of the whole Cake to be x, then wi 
fo be the Weight of Wheat-flower — of Lard and Hon 
and the Weight of the Milk is expreſly given, viz. 9 Ounct 


Therefore ny «þ * 


-+ 9 Ounces = x the Weigh 


lj! 


xe whole, bie = +9 =x or 


Of AEB ws 
8x 


8 8 


from both ſides - 9 Ounces will be == and 


tiplying this Æquation by 8, 72 Ounces =3 x ; and Di- 

g by 3, 24 Ounces = x. Theretore the Weight of the 
le Tbrium or Cake was 24 Ounces ; the Weight of the 
er 8; Eggs 4+ Lard and Honey 3 Ounces ; which, to- 
er with the 9 Ounces of Milk, gives the whole Weight of 
brium 24 Ounces, N 


Subtracting there- 


Example VII. 


emple Aſculapius, in Greek, was called Kö, built in 
m of a Rectangular Triangle; included and ſurrounded on every 


de with a Piazza, on which were written many Recipes for Di- 


Fermi 

Ser; 
of Li 
| adaed 


es) 600 


af, fr 
ll a H 
he wht 


„,., and alſo ſeveral Charms to reſtore Health, hanging up. 


ne of the Sides of the Temple was in length 12, Paces; the other 
vo Sides taken together, were equal to 30 Paces: I required 


find the Length of each & 


Wmagine the Rectangular Triangle ABC to be deſcrib'd 


12. Tab. 3.) whoſe given (ide, of 12 Paces, call A B, 
other ( viz. the greareſt) BC ſuppoſe to be v; then the 
d will be 36 —x: Then will the Square of the firſt be 
. Of the ſecond xx; of the third 1296 — 72 x + xx, 
tract UAB, 144 from the Square of the greater {ide BC, 
xx, and you will have this Æquation xx — 144 = 1296 


V + xx by vertue of the Pytbagorick Theorem: And add- 


144 to each {ide xx = 1440 — 72x ＋ xx : And again, 
ling 72x —xx + 72x = 1440 ＋ xx: And ſubtracting 
from both ſides 72x = 14.40: And laſtly , dividing this 
quation by 72 — X =20: Therefore the greateſt ſide 

is 20, and the third AC 36— 20, b. e. 16. The 
vo of it is this; if the + BC 400 be equal to + AB, 144, 
gether with the Square AC, 256. 


_ Example 


18 Juvenile drithmetich: 


Example VIII. 


| To know at what Hour after Noon, the Hours then paſt, ſhall be; 
Hours to come until Midnight, in the ſame Proportion a; | 


10 4. 


For the Hours paſt put x, conſequently the Hours to 
will be 12 — x, the Denomination being thus briefly ſtu 
The expreſs Condition is, that & is to 12 — x as 3 to 4. h 
which Proportion there will ariſe an Æfuation, viz. the 
angle of the Extreams, is equal to that of the Mean, 
4x = 36 — 3x, and adding 3 & to both ſides of the 4 
7 * = 36; and by dividing by 7, | 

x = 55 for the Hours paſt ; fo that the remaining Houn 
77. Now that 57 is to 65, b. e. , to5*, h.e. 36 to 4 
the Ratio of 3 to 4, may be proved, if 36 and 48 be din 
by 12; or if you take the Rectangles of the Extreams 

Means. N 8 


Example IX. 


certain Man gives to the firſt Beggar be meets 5; part of the Mi 
that he had about him, and alſo 4 d. more. To the ſecond ; 
remaining Pence, and 8 d. more; and after the ſame manner 
tinuing to give g of the Remainder, with an additional Sun 
creaſing every time by 4. d. till he had given away all his Pence 

found that every one had received equal Almss The Queſtin 
to know bow many Pence he had, and alſo obe number of 
Men ? | | 


I put for the number of Pence *, as the chief unkno 
Quantity, on which the other, viz. the number of Poor Vi 


neceſſarily depends. Therefore the fuſt received — ＋ 431 
5X ; 
—— — 4, b. e. (4 being reduced to ! 
ſame Denominator) . The ſixth part of this 


6 
— 7 . which the ſecond Beggar receiy'd, A 


there remain'd 


mainder 1s 
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$4. more. Now becauſe the Queſtion faith, Ir all che 
47s received equal Shares, there's no need of a farther Deno - 


tian, for the Æquation offers it ſelf, viz. — 47 be. 
24 54 —24＋8 5 6 
333 multiply ing the Numerator and 


"minator of the Fraction on the Left ſide of the Fquation 


1s to ; and reducing that on the Right fide ＋ 8 to the ſame 
fly ta 6x + 144 $5x— 24, + 288, 
0 4 [Wo mination. * 16 . e. by al- 
the þ = a 

| Cx +144 Fx + 264 
the & ng for the Detec 76 = _ 


Diviſor we have 6 x + 144 =5x +264; and ſub- 
ing 5 x from both ſides, in order to bring the unknown 
ntity all on one ſide of the Æquation, x + 144 = 264. 
. Subtracting 144 from both ſides, it leaves the unknown 
Writity on one ſide & = 120, the number of Pence; of 


JZ and therefore he received in all 24 d. and the reſt, ac- 
57 Wing to the Queſtion, receiv'd each juſt ſo much, and no- 

%% remain'd at laſt. Divide the whole Number 120 by 
ond ; te Quotient will give 5 the number of Beggars; fo that 


1anner ( 
al Sun 

Pence, 
ein 


bf is 96. The ſecond Beggar receiv'd g of this Remainder, 


16 and 8 d. more, which together with the firſt & of this, 
2, and alſo 12 d. more, which together make 24, the Re- 


unkno! 


>oor 16 d. which together make 24, the Remainder thereof is 


whoſe ſixth part 4, With the additional 20, is the fifth 


4+ 4; gar's Share, which exhauſts the whole Sum. _ 


d tot 
F this R 


Erample X. 
The Ptolamaick Riddle, talen out of che Bookof Epigrams. 


1 Jam a Brazen Lion: My two Eyes, my Mouth, and 
% A 


multiplying both ſides by 36, 6. e. taking away the Com- 


h the firſt Beggar receiv'd a ſixth Part, h. e. 20, and 4 4. 


Quotient is now fully anſwer d. The Truth of the An- 
may be prov'd a Poſterior; thus; The firſt Beggar receiv d 
120, Which is 20, and alſo 4 d.; therefore the Remain- 


nder is 48. The fourth alſo receiv'd 3 of this, viz. 8, and 
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= Arithmetica Juvenilis: 
e fill a Ciſtern, the Right Eye fills it in two Days, the 
& jn three, and the Sole of my Foot in four; but my 
&.can fill it in ſix Hours: Tell me in what time all the 
* ther, my Mouth, my Eye, and my Foot, will fill thi 
RS . 8 

Suppoſe the Number of Hours, in which they may be 4 
to be x ; this being granted, it may be determin d what 
of the Ciſtern can be fill d by any one of the Pipes in this off 
time; Thus (by the Golden-Rule)) if 48 Hours fill the Cl 


by the Right Eye, how much will x ? F. ” 3 


72 V the Left Eye x? F. = 1 
JJ 7 2 
6  . . » © By the Mouth x? F.— 
All theſe Parts being added together, are equal to one G +1 
ſo that the Z&quarion will ſtand thus, RATS = 1 CiſtenM 
(for all theſe Fractions being reduced to the Denominator | 


Xx & 2.0 * . 1 — 172 1 
1 3 u 
48 b equal to 58 „ the ſame with 91 
0 PL — i 
I hath already the ſame Denominator Laſth, —_ wil 


| _— | . 20 
make 96 bo that the whole Sum will be 96 » or mi 


plying the Numerator and Denominator by 3, 58 : the 


fore multiplying both ſides of the Æquation by 288, c 
will 61 * = 288; and dividing by 61, x = 42 0 
Hour. 

This might be proved a Paſteriori, but here it would bet 
tedious : Yet it may be done, if you infer, according to! 
Proportions given above ; Thus, If 48 Hours fill the wit 
Ciſtern by the Right Eye, how much will 477 of an Ho 
fill? and ſo in the reſt, | Cram} 
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| Example Xl. 


pid complas "d to his Mother, that the Muſes bad talen away 
is Apples ; Clio, ſaith he, bath taken 5 ; Euterpe i, ; Tha- 
Wiz * ; Melpomine 8; Erato 7; Terplicore ꝓ; Polymnie 
o; Urania 105; and Calliope, ebe moſt ſpiteful of them all, 

hath taken 360; ſo that I have but 5 Apples left, Q. How 
many Apples had he at faſt e C 


err + for the Number of all the Apples, and denominate 
Thefts of all the Muſes, which are not as yet expreſs'd in 


LA x x * x 
2 wn Numbers, OT T 12 = — ad 
— 5 : * a f 
7 , reduce them : the 29 Denominator (e. g. — & 1 
18 . or - and with this 7 * 
| 5-24 3 likewiſe 3 and 75 to this —5 | a 3 — 


6x 1 | | DR 
"24 which being joyned with the former, make one 
17x | x | 

m 2 ſo that a0]. only remains to be reduced to 
Wuc'd to the fame Denominator, with this Sum after the com- 


=_ Trigun 24x 
R Wn way, viz. to 168 and 2 and then the Sum of all 
Will | | | | 
\r me Particulars, being collected into one, will be s and to 


Lum add the Numbers expreſi d in the Queſtion ; then the 
Im of all theſe, with the remaining 5, will give the Num- 
r of all the Apples, expreſs'd alſo by the unknown Quanti- 


5 ‚ 143 * 
61 r So that we ſhall have this £quation, 168 / 500 
11d bet 168x OE an 

*, or Tg » That we may proceed orderly in the Re- 


3 I 
action of this £quazion, take away from both ſides 7580 then 


will 
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* 2 — — - a 
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118 Arithmetica Fuvenily 7 
28x 
will 500 = Ss - and multiplying this Equation "Y I 


84000 =25 x; and dividing by 25 — 3360=-x, 
the Number of the Apples ſought. The Proof of this, 
the common way, is very eaſy, but tedious, 3 T h 2 
leave it, as being a pgs Exerciſe for the young Arithng In 

cian. A 


Example XII. 


4. Thebes in the Street which was called Prætidis, Food the Ty 
of Euclea, ſeventy fix Foot high; oppoſite to which ſtood the In 
of Boedromius Apollo, which was 57 Foer high ; and 1 I I 
ſtance twixt them both, was ſuppoſed to be one Iundred and fu 
teen Foot, Between theſe two Temples was placed the Stat 4 

Lion cut in Marble, equi-diftant from the Top of each Tin 
which was ſaid to be dedicated by Hercules * be had mn 
Erchinus, King of the Orcaomenians : What was the Dift 

of the Lion from the Baſe of each Temple + * 


Suppoſe AB (in Fig. 13th.) to be the Temple of Eu 
which, according to the Queſtion, is 76 Foot high, DE! 
Temp le of Apollo 57 Foot high, AD 114 the Diſtance bet 
the — AB and DE, that meaſure their Heigil 
Laſtly, let C repreſent the Marble Lion placed equi-dilt 
from B and E. From theſe Data, tis required to find thel 
ſtances AC and CD; ſince the whole Diſtance AB is gin 
fuppoſe AC to be x, then will CD be denoted by 114 — 
and becauſe CAB and CDE are two right angled Trianę , 
whoſe ſides AC and AB; alſo CD and DE, are either exp., 
given in their proper Number, or denominated as above, , 
Squares of the ſaid Sides will be equal to the Squares of tht 
Hypothenuſes. 


Il 


* G * 2 . 15 N 
n ed WM 


AC=x AB 2 76 be 
Ek x 3 | ach 
O AC D xx 4356 | 

raed TT Eg. $32 
DAB 5776 an 


re 


Sum of both þ Squares 3 * K* ＋ 5776 2 * 
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CD = 114 —x | DE = 
Y if DOS. SS - 
* | e 399 
is, | L „ = 287 
e 118 CD 12996 — 228K X DE = 3249 7 
Sum of both Squares 


ith 5 
= 16245 — 228 x ＋ K = [= CE. 


nd ſince, by ſuppoſition, CD and CE are equal, and con · 
tly their Squares; this Æquation will preſently ariſe, 

CB, 5776 + xx = O CE, 1245 — 2281 ＋T xx; 

and ſubtracting xx from both Sides 

76 = 16245 — 228 x; and adding to both Sides 228 x 
6 +228 x = 16245, and ſubtracting 5776 from both 

228 x = 10469 : Anddividing this Æquation by 228, 

42452 ( = 45128, that is, dividing Number and De- 

inator by 19, 12, we have x =45 12. 

hus it is known, that the Diſtance AC is 45 12, therefore 

Wis 68. This Operation might be proved thus; If the 
DES Squares of AC and AB (produced by the Sides now known) 


betwe | together equal to the Sum of the Squares of C D and DE; 
Height I | | EEE: 

nan Example XIII. 

the spartans bired theſe three famous Painters, Arceſilaus, Eu- 


ranio, and Onaſia, to adorn with Pidtures the Leſche Crota- 
orum (which was a Senate Houſe of the Pitanaters, call'd At e- 
1 Reorayor, nigh to the Temple of Eſculapius, named Era · 
exper. They agreed to give Arceſilaus forty Drachms per Diem: 
ove, uphranus was to have fifty, and Onaſia ſixty ; and the Work 
of the Ws fniſb d in 120 Days. When they were to be paid for their 
| according to their Bargain, all three received equal Sums, 
he Queſtion it, to know how many Dayis, according to this Proportion, 
ach Man ſpent in finiſhing bu Work © 


et the number of Days that Arcefilau work'd be K that 
aano work d ; then will Onafia's be = 120 — x == 5; 
refore Arceſilazs's Hire came to 40 x, Euphrano's to 59 53 


wſc Onaſia's 


. S 4. Po - 
= * p * * * 1 2 P_—_ - - — 
** ma 89 apo 2. —— — 2 * 1 —— * £ 
— G * 
-— W _ * 2 "— * £ — 
- - — — 4 2 


114 Irithmetica Juvenilis: | 
Onaſia's 7200 — 60 x — Coy, And ſince 50 are, by 
Suppoſition, = 40 x, we may find the Value of 60y in 


Wages of Onaſia; by inferring thus, 


If 50 5 give 40.x, what 605? F. 50) 2400 (48 x 
| 55 


— H— 


O 


Therefore this 48 x may ſtand for 605 in the Wages of of 
naſia: So that an Æquation is now found, which will tf 
7200 — 60x — 48x, he. ä 
7200 — 108 x = 40 æ, the Hire of the firſt Man. 
And by adding to both Sides 108 x 
200 = 143x; and dividing by 148, 46 
48 75; = (by dividing both Parts of the Fraction by 4) 480 


thus 


Therefore tis now found that Arceſilaus was 48 3+ Days u 

fniſhing his Part, and conſequently his Wages was (by mull 
plying theſe Days by 40) 1945 37: And fince the others . 
ccived equal Wages, if this Sum be divided by 50 (the numbe 
of Drachms which the ſecond had per diem) and by 60, t 
daily Hire of the third, you will have the Days of the ſecond 
383+, and of the third 32 35: Which three ſeveral times, i 
they are collected into one Sum, would give 120 Days, a0 
cording to the tenor of the Qeſtion. ET 


Example XIV. 


Ie Temple of three Graces at Athens, ſtood upon a reFangular Ares, 
whoſe Length exceeded its Breadth by three Paces; and the Dr 
ſtance from one Angle to that which was diametrically oppoſite to it, Ne 
exceeded the Length alſo by ſo many paces: Hom much was it! 
Length, Breadth, and diametrical Diſtance ? 55 5 55 


tb tn} 


3 rc 3 . * 
APY 8 2 8 * SIE n 
2222 Y . oo — * — 

2 1 


Since all the other Dimenſions do manifeſtly depend on that 
of the Breadth. I ſuppoſe it to be x; (See Fig. 14. Tab. 3) then 
will the Length be x + 3, and the Diagonal or Diametrical 
Diſtance x + 6. But becauſe the whole Area was a 1 

. h SD 


be | 


* 


by th 
In tt i 
3 © of the two Sides taken 2 were equal to ci 
: Diagonal 
zdth x Length x +3. 
| = 1 
EE +3x+9 
| ©. inet Ca 
3 | 3 xx +6x +9. 
- l 4 Diagonal — — 6 
1 a "4 x +6 
u. +6x ＋ 36 
| - x + C * + 
0 Diagonal xx + I2x+ 36 DO 
45% erefore 2xx +,6x +9 =xx+12x +36 
— And by ſubtracting xx from both Sides, 
ays ny xx h 6x = lz x +36: 
multi 3 And ſubtracting allo 6x + 9 
57 2 2 xx= 6x 27 | 
wy” fore r= of 6 x +27. (That is x = the Square 
ſecont il Root of 6x + 27) 
| The way of ExtraBting 4he Ryo 1 ſuch an 1 Quantity, 
5 bey call it, (Vit. adfeded with the unknown Quantity x 1 
ſed to be known from ſame other Book, vix. according to theſs 
e Rules, which are demonſtrated in another place. 
te If ar = 68 + 27 ( both the affected Quantity 6x 
b * che Simple one 27, being poſitive. 3 
to it, e Square of 3, balf the adfected Quantity, vis 93 and ti a : 
pas itt ad the abſolute or not defeted Quantity 27: Extract bo 
8 we Root 6 & the Sum 36 ; and to it add half the adfected 
ver or Quantity, . and you. will have 9, the Root of the come 
. þ4 Qanticy, or the Value of x. 
oo If xx =— 6x + 27 (the adfected Quantity being 
cue: ative, and the abſolute Nuttber Poſitive.) 
gle, e Szuare of 3, half . Number (as before) Vit. 9 


add it to the pofitive Number 27: Then from the Squar# 


Py YT © 


— 


i 
. 
: 
x 
t 
"+21 
4 : 
. 
1 
1 4 
1 
9 
3: 
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: 
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* 1 
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its Diagonal 15 : Which may alſo be prov'd by the equilif 
ol the Square of the Diagonal (which is 225) with the Squa 4 
of the two Sides (81 and 144, which being added 0 


116 Arithmetica Juvenilis: 
Root of the Sum 36, ſubtract half the adfected Quantity, and ity 
leave 3 for the tompound Quantity or its Value x. 


Rule III. If xx = 20 x — 36 (the adfected beg Po i 
and the abſolute Quantity Negative.) A 


Square, as before, half the adfected, viz. 100, and 3 it (i 
the abſolute Quantity 36, and add the Square Root 8 of the 4; . 
mainder 64, to half the adfected Quantity 10, then will 18 bei 
Root of the compounded Quantity, or its Value x: Or ſubral 3 
from the ſame, then will 2 be another Root , or another alu 
the ſame x. | 3 


Now therefore, if we compare our laſt Equation, with (hf 
Firſt Riley it will appear plainly, that that is not only like t q 
Equation in this, but altogether the ſame: So that the Vi 
of x, or the Breadth of the Temple was 9, its Length 12, u 4 


make 225) and alſo confirms the truth of our Rule. 


Example XV. 


There was 4 Mood belonging to the *Avelx)us nalſic, vor far 
Phares, a City Achaia. bo theſe" AydxJes Tal it i 
tis uncertain. Some are of the Opinion, that they were —_ ) 
aſcuri, h. e. Caſtor and Pollux: Others, the Curetz ; 

ome again ſuppoſed them to be the Cabiri. But whoever tout 
"tis certain that Telandes meaſured that Grove, and found 
Length to be double its Breadtb; alſo its Superfices, added to 
Sides, to contain 1430 Paces ; What was its Length, &c. 


] ſuppoſe the Breadth to be x, (Hg. 15) then will 
Length be 2 x; therefore the Area was 2 xx; to whicht 
Length and Breadth being added, gives this Equation; 

2xx 3x = 1430 
And Dividing this Æguation by 2, 


1 
X X + — = 715 
And Subtracting 3 


| 3 * 
e 


AL ER RA. 117 
that this Equation belongs to the Second Rule of Adfected 
adraticks, viz. half the adfected Quantity will be 4, and the 


are of this 56, to which the abſolute Number 715 being 
led, it will make the Sum 71 5 ＋ 16, b. e. reducing it to 


and ity 


Poſing 


* 


i: ſind 


on II 3 10 
the ommon Denominator —.— the Root of which is 2 
180 6 1 N s WR | : : 5 
es In which ſubtracting half the adfeQed Quantity tz it will 
Yr Valle 15 104. 


, h. e. 26 for the value of x, i. e. for the Breadth of 


{ OR. 
# 


Grove: Therefore its Length is 52, and the Area 1352 

hich if you add the Breadth 26, and the Length 52, the 
m will be 1430; which 2 Poſterior; proves both the Opera- 
ir ſelf to be right, and alſo confirms the truth of Rule Il. 


with te 
like u 
he V 
12, 
* : "I Example XVI. 
topethe Wy; orthmos was 4 Promontory of Bloponneſus, running out into the 
, not far from the Iſland Tricana, oppoſite to the Gulf of Scylla. 
On: thi Promontory ſtood a Temple 40 Paces long, divided inte 
vo unequal Ares: The greater was dedicated to Ceres, the leſſer 
far o her Daughter Proſerpine. The Capacity of Ceres was 192 
fs are Paces 3; Proferpines was twice & long « it was broad: 
the e was the Breadib of this Temple?  , 
AY i, The Breadth being found, if the Area dedicated ro 
full" containing 192 paces, be divided by it, you will have 
Length of this Area, and if this be ſubtracted from 40 paces, 
Length of the whole Temple, it will give alſo the Length 
the other part that was to be dedicated to Proſerpine, There» 


PR. 
Y 7 

= 
z 


* 
o 


will fc let the common Latitude or Breadth be called x : Then 
hich Hl the Length of Proſerpine's Temple be 2 x: Therefore Ce- 
; 40 paces long —2x. 8 


Vor this Length multiply d into the Breadih: 


Length —— 40 — 2 x 


Ls: =; 2 Area 


2 
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4 1 3 « ' * 


Are 40 x — 2 xx 192 
And by adding 2 xx x I 
x = 2X x I 192 _ ] 110 
And dividing by —— 2 I 
20x =xx $96 
And ſubtracting 96 © 
20X — 96 = x x. Therefore 


m 


the Root of '20 x —96 & x, the Breadth required i 


Now if we compare this Æquation x x = 20 x -j 
with our Rules for reſolving Ejected Aquarions, may di 10 
in it the Caſe of the Third Rule. Therefore if from the , 
half the adfected Quantity 100, there to be taken the ab 
Number 96, and if (2) the Square Root of the Remainde 
be added to halfthe adfected Quantity 10, it will give the 
12 ; but if it be ſubtracted from ir, the Root will be 8. M 
of theſe two Roots is the true one, and will anſwer the 

ſtion, the thing it ſelf will demanſtrate :, For if you ſuppoli 
common Breadth to be 12, the Length of the leffer Temp: 
be 24 Paces; and that of the greater 16, which is abi 
Wherefore the other is the true Root, viz. 8, which maj 
be proved « Poſteriori: For if the Breadth of either Tempi. 
8, then the Length of the leſſer muſt be 16, and that q 
greater 24: And this Length multiply*dby 8, the Breadth ll - 
give the Area of the greater 192, which exactly agrees iſ 
the Conditions of the Queſtion, o. g 1 
. Example XVII. b 
br the Daniſh Annals, we have an incredible and unuſual Inſtant, 1 
| the ſincere Love that was between Hagbarus and Signa, the ci 
dren of two-neighbouring Princes that were at Var with ou d 
ther. When Signa beard that her incenſed Father had Crug , 
ber Lover Hagbarus, being ber ſelf overcome with Love, and fi - 
ber Virgin Companions following ber mauly Fate, they firft ſu p 
- = the King's Palace,” and then faltning their Girdles to one of 5 


eams, hang d themſelves. The Ruins of this Royal Palace at 
er at this Day in Seeland, not far from Signaria, forme) 
. eh Caſtle, but now a ſmall Village of ne great note. The due 
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of this Place contains 400 Square Foot, and its Length exceeds 
its Breadth by 250 Foot : What is its Length and its Breadth ? 


I Call its Breadth x, then will its Length be x ＋ 250 
lltiply the Length by the Breadth x 


The Area will be — — — — 9 250 * 


* — — 


* 9 And this Area,. — — xXx ＋ 250 * = 5400 
I uwbtract therefore 2 50 x from both Sides, there will 
> x =o 


_ Remain — xx = 5409 — 250 x. 
ay 00s 3 


the oil herefore, according to the ſecond Rule for adfected 2 
ne ah : s multiply half the adfected Quantity 125 

ande 4 into It ſelf - I25 

e thei 625 

8. N 250 

r the 12 


Gies — 15 15625 = of half the 
which add the abſolute Quantities 5400 (adfected Quant. 


21025 and extract the 


upp: 
emp; 
is abi 


mie Root of the Sum 145 and from thence * 
[<p trafted half the adfected Quantity — 125 
* res the Value of —— — . = 20, the Breadrh of 


Place ſought. Therefore its Length is 270. And by multi- 
ing theſe together, it gives the Area 5400 ; ſo that this ve- 
ting proves  Poſteriori, the forementioa'd Rule. 


Example XV It. 


the City Megara, in the way thro Jupiter's Mod to the Caſtle 
Caria, were to be ſeen two little Square Temples, dedicated to 
Nyctelius Bacchus and Apoſtrophia Venus. Their Pavements 
were aid with Stones a Foot Square each: But the Side of Venus 
Temple exceeded that of Bacchus by 12. Fot, and both their 
Pavements, talen together , contain d 2120 Stone:: What was 


the Length of them ſeparately 8. 
Suppoſe the Length of the leſſer to be X, 
n will its Breadth alſo be — = . 


Area - & Xx 


144 — 


Trees i 


nſtanet, 
, the Ch 


of fe 
one of | 
ace art | 
former) 


be Sufi 


1 20 Arithmetica Juvenilis; 
The Length of the greater — x + 12 


. 

Irs Breadth alſo will be ——— K 12 r 
12 * ＋ 144 

K* ＋＋ 12 * | p 


Area & x + 24 x + 144 2 4 

The Sum of both Area'sis 2 x x + 24 x + 144 = = 21204 4 
Dividing all by 2 xx +12x + 72 = 10604 4 
. both ſides x x + 12 x = 988, and m 
ferring i 2 to the other bc) v === 12.x ++ 50K L 

under a contrary Sign 4 
W herefore' according to the ſame Rule II. the Root or Vale 
x ſought, will be found = 26: Therefore the greater ball 
12 Foot more, is = 38. The Square of each are 676, if 
1444, making rogether 2120, which proves the truth of 
Rule « ini. 1 


* 


Example XIX. 


Tio Captains diſtribute each of them 1 200 Crowns between a c 4 
Number of Souldiers : One has 40 Souldiers leſs than the «iſ 
and it is found that thoſe of the leſſer Number, received ever) offi 

õ5 Erowns a piece more than thoſe of the greater Number, il 
Queſtion is to know how many Soldiers each Captain had : 2 : 

I put for the leſſer Number x: Then i is the greater Nu y 
1200 

ber x ＋ 40. Now 1200 divided by x, giv FOE = 


for each Souldier? s Share in the leſſer Troop; > ; and = l 


one Man's Share in the orcater- But by the Suppoſition, ON 


in the leſſer Troop hath 5 Crowns more than one in the grel 55 
er. Therefore — _1260 1 b. e. miltphin Pt 
x XK 4 | eat 

by x + 40, to find a Common Denominator; e ( 
| 1200 1200 -+'5 # 200 5 y 1 
I. — eo + | 

1200 1400 + Fx 13 


. 8 Thi 


4 
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eſe two Fractions, being ſuppoſed to be equal, muſt be 
nged into * Integers, by multiplying them croſs - wiſe, 


' or = —_ multiply'd croſs-wiſe, makes on both ſides 


ſo that 1200 x + 48000 = 1400 x +5 xx 
and ſubtracting from both Sides 1200 x 
48000 = 200 x +F xx 
and Dividing by 5 
9600 = 40x + xx 
and Subtracting 40 ͤ 
9600 — 40 1 = xx 


— LY 


nd uu 


Valo * (by Rule II.) if the Q of (20) half the Co- efficient, 
ter 400. be added to the abſolute Number 960, and the ſquare 
576, t of the Sum 1 cooo be Extracted, viz. 100; and if from 
uh of WS Root you ſubtract half the adfected Quantity 20, then will 


80 = x the leſſer Number of the Souldiers. 
gerefore 120 = x + 40, the greater Number of the Soul- 


' Ws 12.00 and 1200, are divided between both Troops, the 


ac mer will have 15 Crowns a Man, the latter 10 Crowns; 


the oth ; . 


- ever) il was more than each Man of the latter. 
ver. et 


*. Example XX. 

er Nunn” Troops, « or Parties of Souldiers, have each of them an equal num- 
50 Mr of Crowns to be di iftributed amongſt them. In one Troop there 
„ee four Men more than in the other. The Money being divided, 
oo lc Man in the leſſer Troop bath eight Crowns more than thoſe in 
be greater; and the number ef Crowns to be diſtributed amongſt 
+40 both Troops, contains 172. more than there are Men in both taken 
en Kerber. Hon many Men are there in both Hog * and what is the 
he SU dumber of Crowns 2 

iplying Put + for the Number of the leſſer Troop ; then will the 


eater be x + 4: Wherefore 2 x + 176 is the Number of 
e Crowns to be diſtriburcd between both. Suppoſe this Mo- 


roop be — —, and i in the greater 


Thet 


WT: Which may be prov'd 2 Paſteriei thus; fince the equal | 


| therefore each Man of the former 'Troop will have 5 


2 — — 

— - a = my 
- * — 4 

” ” 1 
— — — 5 
er ˙ — * 


y to be divided, then will each Man's Share in the leſſer 
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122 1 Avithmetica Juvinilis : 
Now the Share of the former exceeds that of the latter þ 


Crowns: Therefore if I add to this Share 8, their Shark 
be equal: Hence comes this Equation, 


. 20s = n 

5. e, the 8 being reduc'd to the ſame Denominator, 

2 x+ 176 — 2x +176+8x +32 4 

15 8 + | ; 4 

$. e. by OY 2xand 8 x, alſo 176 and 32 together, | 
2 x £176 ITox = 208 #1 


— * Es * bo 4 4 2 
Now theſe equal Prue being reduc'd to equal Integer, j 
multiplying them croſs- wiſe, we have 2 x x + 184. x +l 
= 10xx + 208x; and Subtracting from both vl 
2 xx ＋ 184 x, 704 = s + 24x; and 
Dividing by 8, —— 88 = xx +3x. 
Laftly, Subtracting 3 x —— 88 — 3 * =xx; ; 
Wherefore the Value of æ, or the Root, will be found by ul 
ing OT to Rule II. the D of half the Adfected Ul 


tity, viz, —— to 88 the Abſolute Number ; * being! 
4 | . there I 1 
the Sum of both is 361 3 Whoſe Root is — ; f 


4 2 
which half the adfected Quantity * being ſubtracted uff 
| — = = 8, for the Value of x. Therefore the leſſer f 


ty was 8, the greater 12, their Sum 20. And the Number | 
Crowns being 172 more, therefore their Sum is 192: WI 
Number being divided by 8, gives 24, each Man's Share! 
the leſſer Party: The ſame Aide by 12, gives 16, ad 
Souldiers Share in the you party; fo that the Share of ti 

former exceeds that of the latter, by the exceſs of 8 Crow: 
according to the Conditions of the Queſtion: By which Methd 
the truth of the thing it ſelf, and allo of the Rule by which w 
found it, is 4 N con firm” d. 


duced to a Common Denominator, gires 


N. B. N 
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itter B. Nor long fince being commanded by a Noble Patron to give an 
þ Acconnt at the End of every Part of our Matheſis Juvenilis, of tbe 


—_ moſt celebrated Authors that have written of theſe ſeveral Subjects; 
n obedience to him, I ſhall mention ſome of the Chief belonging to 
= his Place, viz. of the Ancients, Euclid hath treated of Number: 
in the vii, viii, ix Books of his Elements, but Theorically only : Di- 


or, ophantus of Alexandria wrie Thirteen Books of Practical Arithme- 
32 tick, fix of which we have done into Latin by Xylandrus, zogether 


wich his Algebra: Michael Pſellus in the Tear 1008, publiſh'd 
geber ( ſport Treatiſe of the Elements of Arithmetick. Next to theſe 

Greeks, and Marcus Varro, the Chief among the Latins, and 
bers, the Moderns may deſervedly be mentioned; Franciſcus 
: aurolicus, Gemma Freſcius, Petrus Ramus, Chriſtophorus 
lavius, aud many others ; but among the vaſt Number of the lat- 
NNpiters Chriſtophorus Nottragelius, Prof. Witteb. in inſtit. 
Math. Petrus Laurembergius in Epitome, Juniorum captui 
ccommodatiſſima; Caſpar Schottus in curſa Mathem. A 
V Predeceſſor B. Abdias Treu, in his Direttory, and the laft of 
r; „ che famous Mr. de Lagny dans les Nouveaux Elemens d 
- 0 ehmetique & d' Algebre. = N 
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Short Introductio 
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GEOMETRY 


1. HAT is the other Part of the Mathematichs of the, 
Y, cients d . 5 
"Tis that which is commonly, from its particular Applicati 
call'd Geometry, but more properly Megechomerry, from itz i 
quate Object Méxs des, 5. e. Magnitude. For as Arithmeiid 
employ'd about Number, Ag0 ev, or diſcrete Quantity, as t 
call it, and from thence receives its Name: So this other Sciet 
is converſant about continued Quantity or Magnitude, and ft 
hence it rather derives its Name, than from it being accident 
0 ly apply'd to the Menſuration of the Earth. 
100 3. 1s the Practice Theorical or Practical ® | 
It is partly Theorical , and partly Practical; or to ſp 
more'plainly, it is an Efective Science, h. e. ſuch a contemplati 
of Magnitudes, in which the Mind reſts not contented, but 
its help chiefly proceeds to certain Operations and Effection 
the moſt conſiderable of which are the Menſuration of tht 
Magnitudes, or reducing them to Meaſures expreſs'd in Numbe 
and the Diviſion of them being thus meaſured, ſometimes in 
equal parts, ſometimes into unequal ones, in ſome certain Fr 
portion, GG. „ . 


2 


n 


LW 


11 
3. 
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126 An Introduttionto GEOMETRY. 
being obvious of themſelves, ſo that they may deſervedly he n 
quired, ſuch are, . f · the following; That from a given poiy 
a ſtrait Line may be drawn, or conceived ſo to be; that from a gi 
point at 4 given diſtance, there may be deſcribed a circular Line, or of 
leaſt be conceived as deſer ibed, &c. : | 

F. But that do you mean by this word Magnitude ? 

Magnitude taken in a ſtrict Senſe, is that which 5s extended oi 
Dimenſion without any ſenſible Interruption of the Cchefion of the poi 
vix. all Mater, or the Corpuſcles of Matter minutely divided 


alſo Bodies compounded and made up of infinite Numbers oil 
theſe ſmall Attoms joyn'd together, which are every where to 


met with, both in ſmall and great, and of all ſides of the Ni 
Mord ef Things. But becauſe all theſe are extended in Leng 
Breadth and Thickneſs, each of which Dimenſions hath, vill 
may be conſider d by the Mind ſeparately, e. g+ we can ſuppoi 
a Length, without conſidering at the ſame time either Bread 
or Thickneſs, and this Dimenſion is commonly call'd a Line; 
Or we may conſider two of them together, viz. Length an 
Breadth, ſecluding Thickneſs ; and this is call d Superficies : Ot, ö 
b. e. Three Dimenſions; which Figure, as it is barely con- 
ſider d, under theſe three Dimenſions, having no reſpect toan Ml 
Phyſical Forms or Qualities, by which it is put in the State ofi 
Phyſical Body; but only as it is determin'd by its external Fi 
gure, is call d a Geometrical Boch. 

In reality there is but one fort of Magnitude in all Bodies; 
but being abſtractly conſiger'd by the Mind, it contains three 
Species under it, viz. Br, a Line of Lengeb, Which, in ſtrict- 

neſs, is not Without ſome Breadth, but is conſidered as thou 
it had none. — 1 Superfieier, made up of Length and Breadth 


may have its Eſſe, without reſpect being had to the other; thy 

laſtly, we may joyn Length, Breadth and Thickneſs togethe, 
6. By the way, you make out three ſorts of Magnitudes 0 

together, ſuppoſing it to have ne Depth er Thickneſs, Th), 


Boch er Solid, in which we conſider all theſe three Dimenſion 
together 1 And In reſpect of this three · feld Diverſity of M 


nltude, Megetbomerry, or — is commonly divided al 
inte three 


Iſtioct Partzaz Fir, Evdupilgle; of Name, In 
| which 


a 
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roperties, Secondh,. Emmed uuiſela, or Planimetry, which 
ly employ'd about plain Surfaces; and Sregroudſyſe, or 
«try, which contemplates Geometrical Bodies and their 
ties. RT | - | . 

But there is no perfect Geometrical Body to be found, but only as 
WW naticians conſider. them as ſuch, according to what we have 
rer the end of Number 5 ? 


wed 


5 at's true; for there is not to be found in rerun Natura, a 
Without ſome Breadth, nor a Superficies without ſome - 
or Thickneſs ; nay not ſo much as a perfect Streight, or 
Line, or a Surface exactly Plain or Spherical; and 
0 to Wire, neither can a Body be found that is compaſed of ſe- 
Marr xactly plain Surfaces, or of one perfectly Spherical; yet 
Sc hinder, but that, by abſtractly conſidering them withe - 
th, e lmperfections and Defects, we may conceive ſuch in 
3 Inc, and demonſtrate in a greater perfection, the various 
| tes belonging to them, which afterwards may be apply d 
rial Objects, every where obvious in Nature, fo far as 
* 1 dition and Imperfection will permit. | 
4 Or, | us therefore, we may have an Application of Geometry to | 
pether, Wt had in Arithmetich,, of abe Abſftracted Properties of 
com, which were in like manner apply d. 
* Wk fo; nor do I eſteem it proper to confound this Ap- 


eometry with Practical or Effective, (which they com- 
o) but whereas one fort of Geometry is Theortxal, 
lemonſtrates Theorems, and the other Practical or Ef- 
which demonſtratively reſolves Problems, (yet both of 
ing abſtracted from material Subjects, and are treated 
Enclid, Archimedes and others, in their Mathematical 
— ſo the latter of theſe being apply'd to the 
rth and its Parts, = Fields, Countries 

0 


ation of the 
; Mountalne, Veſſels, Heaps of Corn, and ether Ma» 
dies, Ge. is in a ſtrlet fenſe call'd iges Geomerry 1 
fda, In relation to ether things, and In a leefer ſenſe of 
fd, It hath been ſometimes call'd Geode/ia, or Surveyin 


 Meafuring and Dividing of a Fleld, of which we Warn 


19 


128 As Introduction to GEOMETRY. 
to treat ſeparately; as alſo to diſtinguiſh the reſt in Eushin 
Epidedomeery, and Stereometry (conſidering them all as applic 


9. In what Order then are theſe ſeveral Parts of Geo metry f 
naught moſt commodiouſly and diſtinctiy ? E1 


If we proceed in a Natural Order, the Theorical Pin 
Geometry muſt go before; but in the Order of Teachin 
Operative or Effective Geometry, (for I am not very wil 
uſe the word Practical, becauſe IIęctis refers rather to the (of 
ration of the Mind and to Morals ; but feſoss belongs to thi 

rations of the Hands, which include nothing Mo nal 
boch pure and abſtracted, and alſo applicate, is premiſed ui 
ing more eaſy; and the Theorick Part of Geometry is aui. 
the laſt place, as being more hard and difficult to be under 
Which Order we ſhall alſo obſerve in this place by did 
SeQions, that fo its Advantage, as alſo the other Things W 
we have mention d in this Introdu8ion, after the Treatiſe ii 
niſh'd may the better be underſtood, N 
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SECTION I. 
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plaining the Principles and chief Problems 
Effective (which others call Practical 


GEOMETRY. 


ARTICLE I. 
f Effective (or Practical ) Euthimetry, 


HAT do you mean by this Effectire Euthimetry ? 


; 

may eaſily be known from Numb. 2. of the Intr»duftion , 
* | underſtand by it a Science or Art which demonſtratively 
heth us to Draw, or to Plot certain Things on Paper, Go. 
he help of Compaſſes, Rules, Scales, Squares and other 
ments, eſpecially Streight Lines, (from which it takes the 
ne of Euehimeery) not excluding Circular Lines, the moſt 
ul of all the infinite Number of Curygs. | | 
bat is the Line? and what is a Right or Streight Lins d 
e have ſaid above, that Length without] Breadth is 
da Line, which we ſuppoſe to be generated by the Fluxe 
ocal Motion of a Point; which Motion, if it be made by 
ſhorteſt way, is ſaid to deſcribe a Right Line, if it go any 
y about a Curve, Among the infinite Variety of Curves that 
all'd a Circular One, which is deſcribed by the Motlon of 
Extreme Point B of any Line A B (ſee Fig, r) whoſe other 
teme A is fix'd, bur t cs B is moved round ; 124 


130 Of GEOMETRY. 
fix'd Point A is called the Center, but the Circular Lins; 
Periphery or Circumference ; and the Line AB, and all others cn 
from the Center to the Circumference, which are all manify 
equal to one another by the Geneſis) are call'd Nadi, or 
diameters, as thoſe that are drawn thro? the Center, from 
Point of the Circumference to another oppoſite to it, are 
Diameters, = 


3. What is 4 Point ꝰ And can there be deſcrib d a true Pin 
Paper, or can a true Line be drawn (ſuch a one as is ſuppoſed ind 
metry) by che help of a Pen, Pencil, or Compaſſes ® 

That is call'd a Point in any Magnitude, which is quitei 
vilible, or (according to Euclid's Definitions) which hat 

Parts, h. e. which hath neither Length, Breadth, nor Thi 
neſs, or Depth, and conſequently is not Magnitude, but j 
the Principle, or Beginning of all Magnitude : From when: 
may now eaſily conclude, ſince there is no Pen or Pencil, vi 
bath not ſome length or breadth, that tis impoſſible for 
deſcribe a true Mathematical Point, and conſequently, nei 
a Mathematical Line can be drawn, h, e. one withouth 
little Breadth, and therefore thoſe that are prick d down: 
drawn by help of Inſtruments, are only the Repreſentation 
Points and Lines, and not true Points, or Mathematical 
themſelves; but they approach ſo much the nearer to them 
ſmaller and finer they are drawn, 

4. He is 4 Line, that is drawn on Paper, uſually meafarn 
As Natural Lines, and thoſe that occur to us in Natural! 
dies (as Lengths upon the Ground Timber, Ge.) are comm 
ly meaſured by help of our Perch of 16 Foot and 2; or wi 
is better, by a 10 Foot long, divided decimally into Feet, [nd 
and Decimal Parts; and (of which we ſhall ſpeak more in 
plicate Geometry) ſo Lines deſcribed at pleaſure on a piet 
Paper, are wont tobe meaſured by a {mall Rule or Scale ice 
ed into equal Parts, which may be taken for Miles, Rods, . 2 
Inches, Se. which is commonly called a Plane Scale. d 1: 
| dre 

" * 

. Mai 


Of GEOMETRY. 131 
5. What is this Plane Scale, and bow is it made . 
t may be made after two Forms, one leſs preciſe and exact, 
other more accurate, according as the greater or leſſer ex- 
ness is required in meaſuring the Lines. The way of making 
former is very eaſy, and is as follows; Draw a Line, as 
3 C (Fg. II. Numb. 1.) of any arbitrary length, and in it hav- 
open'd the Compaſſes at a ſmall aperture, at one End, ſer 
Ten ſmall Spaces, which ſuppoſe to be Feet: Then alſo 


ning the Compaſſes at the diſtance of theſe ten equal Diviſi- 
,viz. of AC from C the tenth Diviſion ſer them off farther , 


ir Lins 
hers dn 
| manifl 
3, Or 
from. 
„ are o 


ve Poin 
ed in 


s quir iich may be continued as far as you pleaſe, and this will be 
ch hath WS cometrical Scale, of the plaineſt or more ſimple fort, which 
nor I be fit for uſe. If you write or engrave the Numbers on it 
» but hey appear in the Figure. | | 

whenc | | | 

ncil, N. ae # the Uſe of thi Geometrical Plain Scale ? 

e for u 


It is of two Uſes : For either a Line given in polition, 5. e. 
ally drawn on Paper may be meaſured by it ; and from hence 
may know how many Foot, Inches, c. it is long; or, on 


ly, neil 
thout k 


| down WW contrary, the deſired length of a ſtreight Line of ſo many 
N „ Feet, Inches, Se. may actually be laid down on Paper. 
atical l 


e former may be performed thus: If the given Line wers 
(cee Fig. II. Numb. 1. ) take its whole length in their Come 
., and ſet one Foot in any Point of the large Diviſion, 
h containing ten Feet; ſo that the other Foot of the Com- 
les may reach to the Points of the leſſer Diviſions, or of Feet, 
g from the Pointof the greater Diviſions IV. to the Point 6 
he leſſer) then I ſay that the Line propoſed contains 46 Foot, 
« ſuch as are mark d on the Scale before us. The latter is 
e thus: If any one ſhould deſire me to deſcribe a Line on a 


zeaſarel! 
Natural] 
e com 
; or wi 
eet, Ind 


Jore in e of Paper 49 Foot long; firſt draw an Obſcure Line ( as 
a pie call it) apparently longer than that which is defired ; then 
cale ee one of the Compaſſes in the Point of the greater Diviſion 
Rods, f. and extend the other to the Point 9 of the leſſer Diviſions; 


d laſtly, transfer this Diſtance in the Line afterwards to be 
dred conſpicuouʒ with Ink, or fame other Pigment. Bur if 
Scale were to be uſed in ſome Caſes, in which Lines are to 
laid down of a greater Number of Feet than the length of 

; * n 


5 N 


the - 
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the Paper can contain, if there be not a neceſſity of making i 

ſo large, then the ſmall Spaces that before were taken buy 

ſingle Feet, may now ſtand for ſo many Tens, and the pre, 
' Diviſion that ſtood for Tens may be taken for Hundreds, 


7. Shew me alſo how to make the more Artificial fore of Geomety 


$ cales. 


Draw a Right Line as AB (Fg. II. Numb. 2.) and upfff 
deſcribe firſt the {imple Scale, according to the Directions gi 
above in Queſtion V.. then from A and B erect, by the he 
a Square. (the Uſe of which is well known to Mechanick:) will 
Perpendiculars A E and BF, and with another pair of Coll 
puſſes (for 'tis 'beſt to have a pair for every particular ſort of (WA 
viſion, that it may keep its Aperture unalter'd) ſet off in il 
ten other ſmail Diviſions, of + what length ſoever you ple 
writing or engraving (for it may be made in Braſs, Ge.) 
every Point, (beginning at A and B) the Numbers 1, 2, 3.48 
to 10, connect all theſe correſponding Points 10 and 19, 
and 9, Gc. by right Lines, and in the laſt Line E F, or 10, 
ſer off ten ſmall Spaces with the firſt Compaſſes from E tot 
Point D; and from the Point D downwards, the Spaces oft 
ſecond pair of Compaſſes, which were laid down from C tal 
with the Numbers ſucceeding in their Order from C and D, 
20, 30, Ge. after the ſame manner as the ſmall Spaces from! 

fame Points C and D, towards A and E, are ſuppoſed to! 
mark'd with the Digits 1, 2, 3, Cc. Laſtly, Connett i 
Points 10 and 10, 20 and 20, Se. by Lines perpendiculat 
erected; and connect the leſſer Diviſions in the Lines AC. 
ED by Oblique Lines, beginning at the firſt Point in the 
Hand Line, and extending the Oblique one to the next tot 
firſt Point D, from 1 in that Line to 2 in this, and ſo on; wii 
being done, the Scale is finiſh'd. 


8. But is this for the ſame Uſe as the former d 


Almoſt the fame; only by this Scale, not only Rods, Fe 
Inches, &c. may be expreſsd, but alſo the Tenths of a Rod, Fo 
Inch, Se. if we ſuppole the leſſer Diviſion between A and Ct 
be Rods or Perches, the greater between C and B will be cacht 


them equal to 10 Perches ; and the Parts of. the y__ Line 
N etwen 


ard 
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aking een CD, v. g. and the Oblique Ones C 1, 12, 2, 3, G 


cen bu rd co the Perches, denote the Decimal parts of a Perch, 
the greg xr, Sc. ſo that if we would draw a Line of 22 Perches 
reds. WW 2: of a Perch, place one Leg of the Compaſſes in the 
Genin Wt 20 between C and B, and extend the other beyond C to 


Point 2, and this gives the 22 Perches: Then if you move 
root of the Compaſſes, ſtanding at the Point 20, along 
nd up Line 20, 20, till it touch the perpendicular Line, mark'd 


tions goth ends with 7, 7; and extend the other Foot till it touch 
the he Point in the ſame ſeventh Line, where the tranſverſe Line 
nick), cuts it, you will have 5 of a Perch, Yard, Foot, Ge. 
r of any one wou d expreſs by theſe Portions of the oblique 
fort of (Mes, the Decimals of a Foot, the Portions between A and C 
ff in i denote Feet; and the greater Parts between C add B do 


ou ple of them ſtand for 10 Foot: Or, if you take the Increments 
Se.) he oblique Lines for the Tenths of an Inch, the Parts be- 
2 „ea A and C will ſtand for Inches, and the large ones be- 


nd 10% ea C and B expreſs each of them 1 © Inches, viz. in thoſe 
r 1, es where there is no occaſion for Perches. 

E to „ : 
ices of. How and by what Inſtrument, may one draw 4 Right Line 
11 Ce ane given Poins to another d | 8 

nd D, rue Inſtrument by which this is perform'd, is only an exact 
s from iht Ruler, the way to prove which, whether it be true or 
fed to we (hall ſhew anon. Having therefore in readineſs ſuch a 


nnect er, and the two given Points being not a greater diſtance 
ndicua Wn one another than the length of the Ruler; move either 
AC ee of it as near as you can to both Points; then along the 
the ge of the Ruler draw a fine pointed Pencil, or a ſmall nib'd 
ext tog; then the the point of the Pencil or Pen, will deſcribe a 
n; vine on the Paper, very plain to be ſeen, which is call'd a 
git Line, if the Edge of the Ruler be ſtreight enough; to 
ow Which, do thus; Having drawn the Line, as we have 
| ght from the point A to to the point B, (ſee Fig. III.) by the 
Is, Fee lp of the Edge of the Ruler a ö, invert the Ruler both from 
Rod, Foe Right Hand to the Left, that the point Y may touch the 
and int A and the point a, the point B; and alſo turn the lower 
e each upwards, that its other Edge, which at firſt look d down- 
rſe Le herds, may now take the upper place, If the Line already 
between : KS: 5 drawn 
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drawn doth exactly agree with the inverted Edge 5. 
ſreightneſs ought no longer to be ſuſpected, but if not, it n 
be amended. | 1 8 


10. Mat muſt we do, if Line be given to be divided inn 
Equal Parts? | 5 


This may be done two ways; Frftf, Mechanicaly, by mak 
ſeveral Trials, place one Foot of the Compaſſes in one ent 
the given Line A (fee Fig. IV. Numb. 1.) and extend the 
as near as you can gueſs, to the middle of the Line, and n 

a Markat C; then keeping the Compaſſes at the ſame Diſt 
trom the other extream point of the Line B, make ana 
Mark D; then will it be eaſily known how much the Space 
tween the two Marks C and D differs from the true mii 
point: So that the Aperture of the Compaſſes is to be leſi 
or widen'd till you ſee the Diſtance between C and D to a 
nearer, by making two other pricks from A and B, viz. c dz. 
repeat this till thoſe two Marks fall into one point, which 
be the middle point deſired. Secondly, Geometrically, andy 
certain Rule, thus; Place the Compaſs as before in A an 
Numb. 2. and opening them to more than half the length di 
Line, deſcribe two Arches cutting one another above and be 
in the points C and D: Then it you draw a ſtreight Line i 
CroD, it will biſſect the given Line A B in E, or divit 
into two equal parts. But Note, That the former Mechant 
way ought not to be deſpiſed any more than this, but in prac 
it may be often apply d as fitly, and ſometimes more convenit! 
than this. 5 
11. But ſuppoſe the given Line be ſo long, that the Compaſſe, 


/ 


ing open d, can't reach the Middle ? 


From A and B (ſee Fig. V. Numb. 1.) open the Compi 
to what diſtance you pleaſe; as ſuppoſe to G and H, fo! 
AH be equal to B G, and make two Marks in G and H; 

afterwards on them as Centers, or on others made after the fi 
manner, deſcribe as we have taught above, two Arches cu 
one another in C and D, and thus again you will have the n 
dle point E: And by the like Artifce, a right Line ma 
- drawn from one point to another. When the points are! 
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7. But ſuppoſe the Point C in the Line AB were given near the 
of the Line or Edge of the Paper, &c. ? ( See Fig. IX.) 


t one Foot of the Compaſſes in & (Numb, 1) and fix the 
r obliquely any where above the Line in D from D, with 
Radius C D, deſcribe the Circle CEF ( which, tho' it 
ot be entirely drawn, becauſe of the narrowneſs of the 
er, yet that will be no Impediment) and from E, thro' the 
ter D draw a Right Line cutting the Periphery of the C ir- 
in F. Laſtly, draw F C, and it will be the Perpendicular 
cht: Or, (which is the ſame thing) from c take at pleaſure 
WDiſtances c e (Numb. 2. Fig. IX.) and keeping the Compaſſes 
e. ſame diſtance, from c and e make an Interſection in g; 
ao ( having drawn a Right Line from e thro' g) make 
cual tog e; then a Line drawn from f to c will be the Per- 
WW icular deſired: But if the given Point f (Numb. 3.) be with- 
the Line, having drawn Fe obliquely downwards, and biſ- 
ed it in d, if on d with the Radius dae you deſcribe the Arch 
| and let fall the Line F C from F to c, this Line is the Perpen- 
lar required. So. | 


Tora 


CY: X* EW 2 on 


8. To da 4 Right Line CD thro' 4 given Point C parallel to 
en Right Line AB. (Fig. X.) 


WW hoſe are called Parallel Lines, which paſs ae &aannouy, b. e. 
ye another, ſo that they are every where equidiſtant, and 
fore, altho' they be infinitely produced, they can never 
Wt. Thepropoſed Problem may be performed ſeveral ways, 
W firſt Mechanically by an Inſtrument a be d (Fig. X.) made 

ticularly for this uſe, which is therefore called a Parallel- 
Wer. The exact way of making this Ruler, requires the fol- 
Fing Conditions; Firſt, That the two ſhort Rulers a d and 
be exactly equal, vix. from one point à to the other 4, &c. 
hich points they are moveable; in like manner the two 
ger ones 4 b and cd ought to be equal. Secondy, That eve- 
one of theſe Rulers be every where exactly of the fame 
adth. Thirdly, That the Holes, a, ö, c, &c. in which the 
lers are faſtned to one another with Pins of an equal thick- 
, be made in the middle Line of the Rulers, or at leaſt e- 
where equidiſtant from both Edges of the Ruler. This 

Ds | „ parallel 


x wilt! 1 
X 


— 
* 


* 


Rl 
Hats 
Y 


with a Pencil by the Edge of the Ruler, which ſhall paſ 


Ruler: If having placed one Foot of the Compaſſes in the p 

pretty firm, that it don't alter its Aperture) moving at the 
| given Line Geometricalh, without the help of a peculiar Inſtrumn 
convenient diſtance from D viz. at E there be erected and 


touch the Line AB in D; then keeping them at the ſame diſi 
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Parallel-Ruler being made according to theſe Directiont, vi 
as exact an one as can be made, and its Uſe in the propoſed] 
blem is as follows: To the given Line A B, apply the 
Ruler as exactly as you can; then, keeping this immoyy 
move the other Ruler e d of the Inſtrument, to the given 
C; which as ſoon as it exactly touches, draw a · ſtreight 


the point C, and will be every where equidiſtant from 
Line AB, But if the Point C happen to be fo remote, 
it can't be reach d by the Ruler c d of the Inſtrument when 
open d at its greateſt diſtance; then draw an intermediate 
parallel to the firſt, to which afterwards apply the Ruler 4 
proceed as before. There is alſo another Mechanical way, 
ry compendious and uſeful, to perform this without the Par 


point C, the other be open'd ſo far, that being turn d rou 
will exactly touch the given Line AB; and then if you g 
a common Ruler to the given point, and move one Foot 
Compaſſes along the given Line, the other (which oughty 


time by the Edge ofthe Ruler, and being preſs d a little api 
the Paper, will deſcribe the parallel Line paſſing thro' C 


19. And can a Line be drawn thro a given Point, parale! 


t? 


Ir may, and that diverſe ways: Firſt, The moſt natun 
all is, if from the given point C to the Line A B, there b 
fall a perpendicular CD, (See Fig. XI. Numb. 1.) then 


ndicular E F equal to the former, and from C thr 
there be drawn a Right Line. Srcondly, More readily and 
fily if you place one Foot of the Compaſſes in (Numb. 2.) 
open them till, being turned about, the other Foot ex 


on any other point in the Line AB, v. g. E, deſcribe and 
Arch above thro P. Laſtly, from C draw a Right Line! 
ciſely touching the Arch F and tis done. Thirdly, If from! 
point C you draw a very oblique Line CG, and biſſect it 
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iong, u ro! this middle point I, draw any-how ( ſo it be oblique 
ropoſed gb) the Line H K, and make H 1 equal to I K, and laſtly, 
ly the H « Right Line from C thro' K (Numb. 3.) it will be the 
immo el required. Fourthiy, Set one Foot of the Compaſſes any 
given e in the Line AB (Numb. 4.) e. g. at D, and extend the 
treight r to the given point C, and from thence deſcribe the Arch 
all paſi i; then keeping the ſame Aperture, on any other point, as 
it from nter, make another Arch ſimilar to the former, but ſome- 


> larger; then from it cut G H equal to the former EC; 
laſtly, thro C and H draw a ſtreight Line and tis done. 
after in Sect. III. we ſhall demonſtrate, that all theſe Lines 
drawn are parallel to the given Line A B. 


remote, 
nt wheil 
nediate 
wuler 20 


mY o. To Divide à given Angle into two equal Parts. 16 
in the ppoſe the given Angle to be ABC ( Fig. XII.) for ſo wwe [i 
nd row any Aperture made by two Right Lines meeting in a point; Hal 
f you g h point uſes to be called the Vertex, or Top of the Angle: 
Foot Angle is uſually expreſs d by three Letters, of which the 
ougbtu lle one, which is alſo placed at the Vertex, as in the preſent 
at thel re denotes the Angle: The Meaſure of an Angle is the 
little ag of a Circle intercepted between the two Lines (which are 
hro C, the Legs of the Angle) and whoſe Center is the Vertex B: 


erefore ſince every Circle is ſuppoſed to be divided into 
equal parts, which are called Degrees, the Meaſure of 
y Angle is to be eſtimated by the number of Degrees in the 
n intercepted between its Legs: And thus when the Arch is 
Degrees, or contains the fourth part of the Circumference, 


, para 
Inſtrumn 


ſt natur 


there Ks called a Right Angle, it it contain more than 90 Degrees, 20 
) then i an 0b:4y/e Angle, and if leſs, an Accure Angle. Let therefore [4 1 
ted and Angle whatſoever be propoſed, as AB C, place one Foot of 15 


C thro 
dily and 
ub. 2.) 
oot exil 


Compaſſes in B the Vertex of the Angle, and with the o- 1 
r at any diſtance draw the meaſuring Arch D F, and then on 10 
points D and F, with the ſame, or any other diſtance, de- 
be 2 Arches interſecting each other in G; then a Right Line 


.me diu n from B to G ſhall divide the given Angle into two equal 
ribe anoits; but if for want of room you can't deſcribe Arches to in- 
t Line (ect one another in G, below the Centers D and F. There 


y another be made above the Yextex B in , and then a 


ht Line drawn from H thro' B ſball biſſect the given Angle 
c fore. | = 21, An 


If from. 
iſlect it if 
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es and Minutes the given Angle B A C contains, e. g. 
zol. and then by applying exactly the Center of the 
actor to the Point à of the given Line a6, and its Semi- 
erer to the Line it ſelf « b, and afterwards making a prick 
e Paper at the 40th Degree and an half, (beginning to 
aber ffom the Line a6 ) in the Periphery of the Inſtru- 
: For if to that point you draw from the point a the 
Wt Line 4c, it will give the Angle b 2 c, equal to the gi- 
ore BAC. The latter Mechanical ways is perform d 
a much more plain Inſtrument, which conſiſts only of 2 
eable Rulers a b and ac (Hg. XIV. Numb. 2.) jointed to- 
ec like a pair of Compaſſes in one common Center, which 


rr Carpenters, Oc. is called a Bevel; for if you apply one 


ee Rulers of this Inſtrument, v. g. 4 b, to the Line A B 
e given Angle; and then move the other 4.0 about the 
Wc , till it comcide with the other Leg of the Angle AC: 
il give you the Quantity of the given Angle, altho it be 
xpreſfs'd by the number of Degrees it contains. Then 
ee the given Angle thus taken to the given Line a b, ap- 
g one of the Rulers to it, and along the other Ruler draw- 
W Line ; and this latter way (which we add by the By) is 
exact for practice than the former, though not artificial. 
the third Geometrical way, which is the moſt exact and 


Wit of all is done by help of a pair of Compaſſes, viz ſer. 
one Foot in A, (Numb. I.) with the other at what diſtance 


pfeaſe deſcribe the Arch D E; and with the ſame aperture 

be another Arch 4 e on the point 4 (as a Center) of the 

Wn Line, ſimilar to the former: Then take the Arch D E 

our Compaſſes, and ſet it from d to e, and from 4 thro 

i the the Right line a e c, ſo ſhall you obtain the thing 
ght. ä 6 

3. But ſuppoſe from a certain Point C, given without the Line 
» there was to be dramn a Line CD, that will make an Angle 
A B, equal to the given Angle G 


aving aſſumed a point (E) at pleaſure in the line AB 
e an Angle (B EF) equal to the given Angle G; then 
C draw the line C D parallel to F E and 'tis done. But 
ou delire to perform the ſame Mechanically by the above- 
| men- 
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mentioned Inſtrument ſ viz. the Bevi !) with it take the ff 
Angle G, and then applying one of the legs of the Inſtrn 
to the line AB, move the fame from A towards B, fr 
towards A, till the other leg paſs through the point C, 
then a Right line drawn along its Edge will conſtitute the; 
gle required. If ſuch an Inſtrument as this, applicable 
Rectilinear Angles, and which therefore may be calle 
Gonometer, or Angle-meafurer, be not at hand, the give 
gle may be accurately cut out in Paper, and fo help, ink 
meaſure, to ſupply its place. 


24. Todivide a given Line A B into any Number of equal! 
(See Fig. XIV.) 


Take any other line, and transfer into it as many equly 
as are deſired in the given line AB, e. g. five, which toꝶ 
make the line DE: With this diſtance make an Interſee 
in F, and from F draw Right lines through D and E, nt 
may be produced farther (if need be): Then take in your ſ 
paſſes the given line A B, and place it between the lines 
and F D in à and 5; fo that a line drawn parallel to! 
from à to b, be equal to the given AB: This being don 
from F you draw Right lines through the points 1, 2, }, 
in the line D E, they will alſo cut the Tranſverſe line at 


ſo many equal parts. 
25. Can the ſame thing be done alſo another way ? 


Yes ſeveral other ways, and alſo into whole parts witht 
Fractions annex d, and in any other Proportion deſired. l 
Let the Right line AB (Fig. XVII.) be to be divided: 
three equal parts, and that by a way different from thel 
mer. Draw therefore at pleaſure from A a line downwa 
making an Acute angle with the given line A B; and agi 
B make another angle equal to the former, according to! 
Rule given in Probl. XXII. Then ſet off, from A downwal 
and from B upwards equal parts, fewer in number by one i 
thoſe required in the given line, viz. here two, 1 and! 
Laſtly, joyn the oppoſite 1 and 2 by ſtreight lines, and ti 
Will cut the given line AB into three equal parts. 


26, 0 
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. 4:4 can am given Line, as A B, be alſo divided into any 
v ber of unequal parts, or in any fort of Proportzon ; or alſo in the 


B, fron parts wit hb Frattsons annex'd 2 . 

= Fr . vcry eaſily, and that almoſt by the ſame way which we 
licable k uſed in Prob. XXIV. For if the line D E taken at plea- 
1 ab be ſuppoſed to be divided, either into unequal parts in a 


in given proportion, (as in Fig. XVIII. Numb. 1.) or into 
al equal parts, with a Fraction of one of thoſe parts an- 
Wd, . g. 3 (as in Numb. 2.) if you do the fame that was 
tere, and at the diſtance of the line D E, any how di- 
d, you make an Interſection in F, Sc. and from this point 
Wu draw Right lines through the points 1, 2, 3, 4, Se. 
ther equally or unequally diſtant from one anuther; theſe 
will likewiſe divide the Tranſverſe or Parallel line a ) in 
ame proportion. | | 


ae given 
Ip, in 0 


F equal 


y equal 


ich tog 


Inter 

d E, nh 8. I there not ſome compendious way of performing ſuch Pro- 
a ** a theſe, more univerſally and ſpeedily ? | 

e lines] | 


his might be done if you have in readineſs an Inſtrument 


= * h is very eaſy to be made, vi. If you draw a Right line 
* eaſre, as A C, and ſet off in it any Number of ſmall e. 
» 2, 3 parts, e. g. Iz or 20 (for the more there are made, the 


— a univerſal will the uſe of the Inſtrument be ) then from A 


dhe Right line A B, either making a Right angle with 
„or an Angle ſomewhat obtuſe, make the line of a con- 
ent length (for the longer it is, it will ſerve to divide 
ger lines into their deſired parts) and alſo with the line 
$ as a Radius, and on the Center deſcribe an Arch, and 
the Radius or Diſtance A C make another from the Cen- 
B, cutting the former in D. Then if the minute parts of 


ts with 
fred, I 
divided 


om the 


rr line A C ( keeping the Compaſſes ſtill at the ſame aperture) 
rding tt ransfer'd from B towards D, and the correſponding points 
downwal nd 1, 2 and 2, &c. be joyn'd by Tranſverſe lines, the 


rument will be finiſhed, So that if you would by the help 
his divide any given line, v. g. into 1 2 equal parts. Take 
your Compaſſes, and place one end of it in the upper line 
ere you think moſt convenient, e. g. in E, and extend the 
er as far as the 12th line in F; and thus the ſpaces inter- 


cepted 


by one i 
„ 1 and! 
„ and id 
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into g equal parts and an half. Q. E. E. 


is again to beſet off in the other ſide of the angle from A tom 


cepted between the line, will exactly give all the parts ſoy 
And if a line were given to be divided into 5 parts and; 
you muſt divide the ſpace 5, 6 into two equal parts; and 
ing drawn the prick'd line, extend the given line from( 
the ſaid prick'd line in , thus you will have the line din 


28. Three Right Lines, as AB, BC, and AD being yh , 
to find a fourth ; or two Lines being given to find a third Pram 
nal. (Fig XX. Numb. 1.) | = 

Make any angle, fo it be not too acute, as O AP, nal 

of the whole ſides A © ſet off AB the firſt of the given li 
and alſo BC the ſecond ; in the other leg ſer off the third; 
Next joyn the points B and D, then draw CF parallel to 
and DF will be the fourth Proportional ſought. If two 
only are given, as A D and B C, having placed them as bhi 


(See Numb. 2.) in the fide A Oof the angle, the latter] 


F, and the remaining part of the Work is to be perform diu 
fore. If it be required to find the firſt in continued propet 
to two given lines, only invert the Order of the Terms, I. 
the third given line be made the firſt, and the firſt line (oy 
become the third, and the fame is to be done as at firſt. 


29. To find 4 mean Proportional between two given Liues. 


Let there be a mean Proportional B to be found bety: 
the the two lines A and C (Eg. XXI.) to which the fit 
ſhall have the fame Proportion, as it hath it ſelf to the th 
C. I proceed thus; Upon a line ſomething longer I put | 
equal to the firſt A, and immediately to it I joyn E F equi 
the third line C; then I biſſect the whole line D F in G, 
on G, as a Center, at the diſtance of G D or G F, I def 
a Semi- circle; then on the point E I erect the Perpendia 
E H, this very line will be the mean Proportional foup 
which, together with the reſt, we ſhall demonſtrate in tt 
proper places in Sect. III. 
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o. Between two Extreams given, to find two continual Mean 
uon. (Fg XXII.) 
ppoſe the two given Extreams to be A and D, and let 
required to find two Means B and C, which ſhall be 
ontinual proportion with them. This was formerly 
ght impoſſible to be perform'd by the Scale and Com- 
5 and therefore was omited by Euclid ; afterwards it 
varioully perform'd by others by the help of Conick Se- 
g. But at laſt there appear'd one, viz. D. Foſeph. Muſchel, 
doſchau Phyſicus Glacenfis, who propoſed a Geometrical way 
ubling the Cube (which is the fame thing) only by the 
fa common >cale and a pair of Compaſles, Obſer. XXX VII, 
, Dec 4 Myſcell. Medico Phyſics. But becauſe his \'ethod 
y tedious and troubleſome, we ſhall here content our 
vith the Mechanical way of Apollorius, which Hur Country- 
B. S Wenterus alſo teaches in his G:om. Pract. Tract. 1. Lib, 
Probl, XXIII This Method in ſhort conſiſteth in this; 
the two given Extreams A C and 4 D at Right angles, 
ompleat the Figure A D, EC, and draw the Diagonals 
WT and CD croſs-wiſe, interſe® ing each other in the middle 
t X, apply a Ruler to the point E; and, having firſt pro- 
dACand A D far enough. move the Ruler up and down 
he Compa ſſes being placed, one Foot in X, the other va- 
y open d, touch the Ruler in the lines A C and AD, 
uced both ways at the ſame diſtance in F and G, fo that 
and X G be exactly equal; which being done, the lines 
and D G ſhall be the two mean Proportionals between 
and A C: B. Hoinlinus in Hnopſi par. 228, hath the ſame 
ical way of finding two Mean Proportionals, only finds 
wo points F and G, not by Trials, but by a certain Rule: 
E lince he hath not given us the Demonſtration of that Rule, 
rant be able to judge of its certainty, | 


. And are there not ſome other Mechanical ways of doing this ? 


R 


r = = = 23 3, —T- 
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into 5 equal parts and an half. Q. E. H. 


to find a fourth ; or ewo Lines being given to find a third Proj 
nel, (Fig XX. Numb. .) ; 


Next joyn the points B and D, then draw C F parallel to} 


C. I proceed thus; Upon a line ſomething longer I put I. 


proper places in Sect. III. 


cepted between the line, will exactly give all the parts ſoqꝶ 
And if a line were — to be divided into 5 parts andh 


you mult divide the ſpace 5, 6 into two equal parts; and y 
E line, extend the giv f 


ing drawn the prick en line from 6 
the ſaid prick'd line in H, thus you will have the line dini 


28. Three Right Lines, 4. AB, BC, and A D beingyj 


Make any angle, ſo it be not too acute, as O AP, in; 
of the whole ſides A © ſer off AB the firſt of the gixen ly 
and alſo BC the ſecond ; in the other leg ſet off the third 


and DF will be the fourth Proportional fought. If two l 
only are given, as A D and B C, having placed them as bet 
(See Numb. 2.) in the fide AOof the angle, the latter} 
is again to be ſet oft inthe other (ide of the angle from A tow 
F, and the remaining part of the Work is to be perform d wh 
fore. If it be required to find the firſt in continued propom 
to two given lines, only invert the Order of the Terms, T1 
the third given line be made the firſt, and the firſt line (ay 
become the third, and the ſame is to be done as at firſt, 


29. To find a mean Proportional between two given Lines. 


Let there be a mean Proportional B to be found betys 
the the two lines A and C ( Fig. XXI.) to which the fi 
ſhall have the ſame Proportion, as it hath it ſelf to theth 


equal to the firſt A, and immediately to it I joyn E F equi 
the third line C; then I biſſect the whole line D F inG, i 
on G, as a Center, at the diſtance of G D or G F, I deſc 
a Semi-circle ; then on the point E I erect the Perpendia 
E H, this very line will be the mean Proportional foup 
which, together with the reſt, we ſhall demonſtrate in tit 
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o. Between two Bxtreams given, to find two continual Mean 
, tionals. ( Fg. XXIII.) | | 


required to find two Means B and C, which ſhall be 
ontinual proportion with them. This was formerly 
ght impoſſible to be perform'd by the Scale and Com- 
; and therefore was omited by Rue; afterwards it 
variouſly perform'd by others by the help of Cunick Se- 
s But ut laſt there appear'd one, viz. O. Joſeph. Muyſcbel, 
„ban Phyſicus Glacenſis, who propoſed a Geometrical way 
ubling the Cube (which is the ſame thing) only by the 
\f acommon c ale and a pair of Compaſſes, Obſer, XXXVII. 
„ Dre 4 Myſcell, Medico Phyſie, But becauſe his & ethod 
y tedious and troubleſome, we ſhall here content our 
with the Mechanical way of Apolleriv, which our Country- 
\ B, S Wimterw allo teaches in his Gem. Pratt. That. 1. Libs 
Probl. XXIII This Method in ſhort conſiſteth in this; 
the two given Extreams A C and 4 D at Right angles, 
compleat the Figure AD, EC', and draw the Diagonals 
and CD croſs-wiſe, interſe®ing each other in the middle 
t X, apply a Ruler to the point E; and, having firſt pro- 
dACand A D far enough. move the Ruler up and down 
he Compa ſſes being placed, one Foot in X, the other va- 
ly open d, touch the Ruler in the lines AC and AD, 
Iuced both ways at the ſame diſtance in F and G, fo that 
and X G be exactly equal; which being done, the lines 
and D G ſhall be the two mean Proportionals between 
) and A (2; B. Hoinlinu in Synopſi par. 228. hath the fame 
ical way of finding two Mean Proportionals, only finds 
two points F and G, not by Trials, but by a certain Rule: 
linoe he hath not given us the Demonſtration of that Rule, 
can't be able to judge of its certainty, © © 
1. And are there not ſome other Merbanical ways of doing this? 
There are ſo; and the worthy D. Meſchel. hath given us one, 
ch is done by the help of four Squares, Obſero, Segu. 
XVIII. cie.t. and we have another very ancient way, much 
re eaſie than this (in my Mind) which is ſuppoſed to be 
nted by Plato himſelf, which ſee in S. Went. & hb P. No 
b L Lot 
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oppoſe the two giren Extream to be A and D, and let 
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Not unlike to which is another way, which I find now 
know not from whence) among my 


\ 


pers, vx joyn AD 
AC (xx. XXI1I.) at Right angles as before, and produce 
towards Mand N. Then la ing the angle X of one & 
cloſe to the produced line A D, et the other leg all the 
paſs through the point C, and in the mean time apply an 
Square to the other leg of the firſt Square X, and mo 
Squares backwards and forwards, till the latter with ity 

touch the line AN; and alſo the other leg of it do pre 
paſs through the point D. The Demonſtration may ealj 
1 * from the ſimilitude of the Triangles CAM, A MN 

a | Os ES 


32+ To Divide any given Segment of a Circular Line mu 
equal Parts. | | | 
How a Circular line is drawn with a pair of Compi 
ſince tis a thing ſo vulgarly known, I ſhall not treat in an 
cular Problem; and the way alſo of holding the Com 
rightly, is eaſier to be learn'd by having a Maſter actuil 
ſhew you, than by words. Suppoſe then that the Segu 
A B of the circular Periphery (See Fig. XXIV. Numb. 1.) 
given to be divided into equal parts; the Biſſection of it 
be made after the ſame way by which we divided a Right 
into two equal parts in Probl. X. viz. Set one Foot of the ( 
paſles ſucceſſively in Aand B, and from both Points, wil 
aperture evidently greater than half the Arch, make an [1 
ſection above and below in C and C; and laſtly, through! 
draw a Right line. 3 


33. To find the Center of a Circle that ij not conſpicuous, «1 
obſcure gn purpoſe. 5 _ 5 

This is done after the ſame way, only adding to it thu 
cumſtance, v. g. baving taken two Points at pleaſure in 
Circumference of the Circle, from them above and belov' 
Circle make an Interſection, draw a ſtreight line through i 
and it will be the Diameter of the Circumference, which 
divided into two equal parts, will give the Center ſought, ( 
Fig. XXIV. Nun. 2.) 5 34 4 


? 
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34. The Segments or an Arch of « Cirele being given, to find the 
ter and compleat the Cirele, | 


one Mer the given Arch be A B C, (Fx. XXV.) whoſe Center 
all the nknown or ſuppoſed to be ſo, Having taken at pleaſure 
ply an point B about the middle of the given Arch, I make an In- 
| move| © tion above and below from A and B, and another from 
th in ad C; then draw Right lines through the points of the In- 
do preiffc:tions D, E, F, G; and where they mutually cut one 
ay call another in H, this will 28 Center of the Periphery 
AMW dt; and it would have been the fame thing, if inſtead df 


laterſections, we had drawn the lines A B, B C, and biſſect- 

them in D and E, and drawn the two Perpendiculars 
ing one another in H. And juſt after the ſame manner a 
cle, as ABC (ſee the fame Figure) may be drawn through 
three given points, ſo they be not in the ſame Right line, we 
y find a Center, in which ſetting one Foot of the Compaſſes, 
other being turn d round will deſcribe the Circle A B C, and 
thro? any three given points A,B, C. This may alſo be done 
chanically,as well as the former, if having bended the Paper 


mb. 1.) place the point A upon B, and keeping the Paper in this 

n of it: ion, you make a fold through its whole length , and again 

a Riot ther ſimilar to it, by laying B upon C; for the common 

of the Mint of the Interſection of theſe Folds, will be the Center of 

_ | Periphery to be drawn. | FEY 
e an lt 


35. To change 4 given Circular Line inte a Streigbt Line equal. TE 
t. > pf IF | ; 155 . 

This may be done Mechanically, by help of à Ruler, di- 
Jed into about 24 equal parts, of which ſet off 7 from one 
the extream points of it, v. g. from C to E; alſo from the 


i e point C ſet off to D 22. The Ruler being thus fitted, 
eaſure u circular line be given to be changed into a right one, draw - 


right line C M (Fig. XXVI) of a ſufficient length, and in 
transfer from C to B, the Diameter of the given Circle. 
en apply the Ruler C to the point of the line C M, mark- 
with the fame Letter, fo that it may malce with this line an 
ngle, but not too acute; then alſo with your Compaſſes mike = 

1 L 2 | 5 
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on the Paper by the Edge of the Ruler, or Scale, two pi 
e and 4; joyn eB, and from d draw a parallel to it, v. g. 4) 
and thus you will have C M equal to the given Periphe 

The ſame may be obtain d without a Ruler by arithmerica] 
culating alone, if you ſay, as 7 to 22, ſo is the Diameter 
ven (v. g 28) to the Periphery, (which produceth a Nu 
ber ſomething more than the Truth) or as 71 to 223, f 
the Diameter to the Circumfeaence (where the fourth Te 
is ſomcthing ſhort of the Truth) ſo that we may eaſily hay 
Mean between the Exceſs and Defect. The other ways whi 
the Moderns have invented to ſolve this Geometrical Probl 
are by the help of a Line, call d the Quadratriæ, or the Spi. 
Arebimides, or the Cycloid, ſomething too difficult fort 
young Student, and therefore we ſhall refer them to a m 
proper place. e N. B. The Beſt Proportion is, as 1000 
e 31 42 :: So Diameter © to Perijin 


26. To deſcribe an Helix, or Spiral Line, eompounded (| 
Arches of a Circle, 3 1 
Draw the Right line Y L ( Fig. XXVIII.) according tot 
breadth of the Helix, or Parallel to be drawn, and biſſect it 
the point 1; ſet off a fifth part of I x from 1 to 2, and di 
it into 8 equal parts: Then with the Radius 1 Y deſcribe t 
the Semicircle Y o Z.; and with the Diſtance 2 z deſcribe 
nother Semicircle below, as à RX: Thirdly, placingt 
Compaſſes in the neareſt point from 1, open them as ful 
and makes a new Semicircle, X u, above: Fourthly, bai 
placed one Foot of the Compaſſes in the next point before: 
extend the other Foot to a, and draw another Semicircle bel 


Gs. 


27. To deſeribe another Spiral, that hath no part of ie comm 

4 Circle. | | | 
Deſcribe, Firſt, a Circle of what bigneſs you pleaſe; 1 
divide both its Periphery and Semi-diameter B A into 6, ll 
or 24 equal parts; and having drawn obſcure Right lines f 

B through every Part, or Point, of Diviſion in the Peripie 
into the neareſt line from B A, transfer a eleven parts, i" 
the line B A, divided into 12, 9x. the Space B 11, "" 
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Of GEOMETRY. 149 
following B 10, and ſo on. Theſe points, 12, 11, 10, 
Ge. joyn d neatly together, even to B, will give the Spiral 
Archimedes. | £2; + 


B. For the more accurate Connexion of theſe Points, the Inftru= 
nt propoſed by B. Swenterus in hx Geom, Pract. p. 150, is 
ry uſeful, , which may be delineated according to the precedent 
WP roblem, upon a Copper or Braſ Plate, and afterwards cut off 
ib File (See Fig. XX VIII.) I. Uſe conſiſteth in this, that 
Wes Curvity be applied ſometimes wider and ſometimes narrower to 
he Points thus found, till it exaftly touch 4, 5 of their Points 
Wt once, which muſt be joyn'd by a Line dramn along by the Edge 
Vibe Inſtrument, afterwards to be moved, after the ſame manner, 
Wo the reſt of the Points. Secondly, Tou may yet more eaſily and 
Waccuritely deſcribe a Spiral about a Cylinder with 4 Thread, one of 
bee Ends is faſten d to the Cylinder, that it cant move, and the 
ler is tied to 4 Pencil; and keeping it pretty tight, # carried 
ound the Cylinder; ſo that the length of the Thread decreaſing by 
Veet, deſeribes an Helix, of which, not ſo much as the leaſt 
portion will agree. with a Circles : 
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I OG WEIR YE 


all the forts of Curves (whether Convex, +h e. thoſe whoſe 9 
faces are prominent or concave, that are hollow inwards 


or Depth. Its Geneſis is conceived by the Flux or local Moti 


| Superfices is the chief, which is generated by a ſemicircular 5 


Jaſt as the Genkcirevlar, or whole circular Space, or Area (Wi 


th. SHO 4 — 


A K TIC LE II. of SEC 7 | 


Of Epipedem etry, or Effective Planomety 


2 . 


'Y 4 HAT ds you aketent bole ited a 


1 mean that part of Practical, or rather Effective Geone 
which demonſtratively teacheth us to draw ſome things on 
per, Slate, Ge. more abſtractly from phyſical Matter, but e 
cially thoſe things relating to plane Surfaces (from ben 
takes the name of Planimemy) not wholly excluding the Spi 
cal Surfaces of Globes, as being the moſt noted and reguly 


r 


2. Mhat ts a Surface? and what i 66 a Plain Surface 2 


The ſecond ſort of Magnitude is called Surface; in whilf 
we conſider Length and Breadth together, but no 'Thickid 


of a Line ; which if it be right, and move the ſhorteſt " 
deſcribes a Plain Surface: If it be crooked, or the? ſtreight, i 
moves by Ambages and Winding, it deſcribes a Crookeds 
But among the infinite variety of curved Surfaces, the $! 


as 11 BC, (Fg. XXXI.) revolv'd about the Diameter A! 


Euclid ſtrictly calls a Circle) is made by the Motion of a ii 
line A C carried round, whilſt the point C remains unmove 
ſo that we conceive it to deſcribe an Area at the ſame tim 
included within its eutmoſt Periphery ; (See Queſt, 2. Artic 


3. What do you cal a Figure = 


I mean by it a-y terminated tuples, which is bounl 


with one line as a Circle, Ellipſa, Gc. or two, as the * 
g whit 
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ich are comprehended within two circular lines, deferibed 
different diſtances, and paſſing thro' the fame points A and 
(r. XXXI. ) or within any two other Curves ; or with 
T ee lines, whether ſtreight or crooked ( but by two right 
++ ess alone, no Superficies can be included) which becauſe the 
terſections conſtitute ſo many Angles, are therefore called 
netry, i tiangles, or teiangular and three-ſided Figures, as thoſe that 
| e terminated with four lines are called Quadrilateral ones; 
Woſe that are bounded with more ſides are call'd, by a gene- 
Name, Multilateral Figures, each of which alſo are to be 
divided into feveral forts. | 


+ What, and how many Species are 
Triangles 0 "1 


ow 23 there of Trilateral Figurers 


r, but e | wy | „ 0 | 
n when There are three Species with reſpect to their lines or ſides, 
the du three alſo with reſpect to their Angles : Of the former, the 
d regung, is an Equilateral Triangle, all whoſe lines or ſides are e- 
whose Hal; as (A BC, Numb. 1.) Secondly, An Eqęuicrural, or Jo- 

,; whoſe loweſt line on which the Triangle ſeems to 


wards, 
9 and, is call'd its Baſe; the other two, as the two legs with 
hich the Triangle ftands, are equal to one another, but are 
metimes longer and ſometimes ſhorter than the Baſe, as DEE, 


2 in wbt | 
Thichi vn 2 and 3.) Third, A Scalenous Triangle, which hath 
cal Mau three of its ſides unequal ; as (G HI, Nwnb. 4.) Of the 
rteſt wi ter. Forrehly, ( KL M, Numb. 5. is called a Rectangied 
eight, 0 tiangle, from one Right Angle which it hath at L. Hfibh, 
Crooked OP, Numb. 6.) an Obraſe- angled one, from one obtuſe An- 
he Hue at O. Sixebly and Lafth, An acute angled Triangle (ORS, 
rcular in nb. 7.) having all its three Angles acute. 43 
wy 5. How many ſorts and Species are there of Quadrilateral Fi. 
ot a rig ureß? | 5 | 5 1 i 
unmord Firſt they are divided into two forts ; one comprehends ſuch 
ame tin have not fo much as one ſide parallel to another, as A 
1 are parallel, the other 


Arnie EZ. XXXIII.) or, if two of the 
vo are not, and theſe are, by one common name, call'd Tra- 
Num, as B. The other fort is of thoſe which have both their 


; bound{Wppolite ſides parallel, hence call d Parallelograms, and may be 
he Lune if fub-diſtinguiſh'd- into four Species, vi. 1ſt. The Square C, 
whit Ls wn whoſe 
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| . ſuppoſed in making Triangles) e. g. 4b, be, ac, bd, and 
g. xXXII. Numb. 1.) upon «46 make an Interſection 
44 from one end, and with bc from the other end in oz 
Wn from b and c make another with the third line bd, and the 
m ca, &c. The ſecond fort may be made thus; Draw 
Wo unequal parallel lines « þ and e d, and joyn their Extreamy 
me tranſverſe lines ac and 5d. Of Paralelograms ; Fiſt, A 
. (C) is made: If two equal right lines 46 and « d be 
Dad at right angles; and from d, with the ſame diſtance 
zal to a4 or ab, there be made an Interſection from b and 
Wn c. Secondly, A Refangle, or Oblong in D: If two unequal 
Wc lines a 6 and ad be joyn'd at right angles, and from d, 
th the diltan:e 4b; alſo from b with the diſtance ad, there 
(eſcrib'd two Arches interſecting in each other in e. Thirdh, 
it two equal lines ab and ad ; or, Fourthh, two unequal 
es of the ſame name (Numb. 5 and 6) be placed at oblique 
eles, either given or aſſumed; and with the diſtance of the 
Wal lines in the former, there be made trom band d; and in 
latter, from 6 with the diſtance ad ; alſo from d, with the 


e latter a Rhombord F. | 
8, How mam Rindt and Sorts are there of Multilateral Fi- 


IT; | 


They are thoſe whoſe Perimeters are limitted by five, ſx, 
en, Ge. lines, and each ot theſe are of two kinds, vig. Re- 
lar, which have their lines or ſides and angles equal; and irre- 
ar, whole ſides, or angles, or both, are unequal. Both 
eſe kinds alſo, for the infinite variety in the number of their 


gular, Derangular, Centangular, &c. whoſe Conſtructions 
erefore will be infinitely various. | 


9. Are there not ſome General Rules for ConſtruQing every one of 
eſe Species ? | 


Rule, becauſe of their lrregularity: But yet it is not a very 
licult matter, by connecting together, any how, five, 5 
| eight, 


153 
| and of a given length (yet with the like Limitation aa 
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des, comprehend infinite Species or Sorts ; Quinguangular, Sex- 


Irregular Poligons for that very reaſon are deſtitute of ſuch 
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eight, ten, Ge. lines, to conſtruct ats-ifveyreſſay Quiriquengy 
Octangular, or Decangular Figute. As to the Reply j 
gures we have certain Rules for them; Faſt, Having de 
ed any Circle, the Semi-diameter carried ſix times a 
preciſely meafure it: and therefore thoſe fix pvints being a 
nected together by fix ftreight lines, will conſtruct a Sery 

or Hexagon ; and omitting every other point, it will def 
regular Triangle or Thigon, And, Serondly, Since ny Arch 
Periphery may be divided into two equal parts, accord 
Problem 32, tis plain that the (ix Arches of an Hexagon bi 
each divided into two equal * will make a Dyueeqn 
again diſſected, a Figure of 24 ſides; and thi continu 
diſſecting them, they will make others 48, 96, 112, wh 
may geometrically be infcrib'd in « Circle, Fynrrhhy, It 
Diameter of a Gircle be drawn, and another acroſs it, att 
angles, the Periphery will be divided into four equal pi 
and theſe four points of Diviſion being joyn'd by right li 
will conſtitute a Quedrangulay of Tetragon inſcribed withit| 
Circle, and biſſeRing alſo its Arches it makes an Ofen; 
this Method being continued, the Figures of 16, 31, 
Ge, ſides may be conceiv'd to be inferib'd, ( ſee Ny. XM 
Numb, 1, 2, 3.) | | 


10. Have we like Rules in readineſt for the Geomtyical ca 
Aion of Quinquangular, Septangular, and ſuch like Figures, bt 
an unequal number of Sides f—& | | 


Euclid in Lib. IV. Prop, X and XI. and again in $Schvl. 
X. Lib. XIII. teacheth the way of inferibing a Pentagon with 
a Circle, the latter of which is much more expeditious than i 
former, and is this; Draw the Diameter of a Circle, as A 
(Fig. XXXV.) and erect a 1 12 on the Center 
biſſect C B in E, and with the Diſtance E D, and on the U 
ter E deſcribe the Arch DF, then F D its Subtenſe wil 
the (ide of the Pentagon ſought, But of other Figures haft 
an unequal number of ſides, Euclid ſeems to have deſpaitelt 
ever finding their Geometrical Conſtruction, excepting" 
Inſcription of a regular Quedecagon, which he hath admit 
well taught in Prop, XVI. Lib. IV. viz. by inſeribing fromed 
and the ſame point A of the Periphery (Fg. XXXVI) bot! 

© « | regu 


| 


d 
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engt jar Trigon ABC, and a regular Pentagon AEF GH 

f | ling the Subrenſe B F for the ſide of the Quindecagon 
pht, which he hath plainly and eaſily demonſtrated, But 
t univerſal Method of inſtribing in a Circle a Polygon of 
v number of ſides whatever, is very elegant and curious; 
ich Carolus Renaldinus de Reſol. & Comp. Mathem. 367. bath 
ght, if it were but demonſtrated (which he ſays he has done) 
his Book De Circulo, | 9 


11. Teach me then this Method of Renaldinus, if it be not top 
ruſe and difficule. ? N | 


a 
6, 3171 
7. XV 


ical Co 


ures, bot 
Schol.Þ "I ä 1 | 
122n with 12. ou have taught me to inſcribe Geometrical Figures in a given 
% than rele ; teach me alſo to ciroumſeribe Circles about given Figures. 


Fiſt, A Circle may be citcumſerib d about a Triangle ABC 
ig, XXXIV. Numb, 2.) according to the Rule given in Prob. 
XXII. Artic. Or thus; On D, the middle point of the 
AB, erect a perpendicular; and on E, the middle of the 


e, as Al 
Centel 
n the C 
iſe will 


ares hare CB, another; then this will cut the former in F, the 
geſpairel enter of the Circle, which was required to be circumſcrib d 


cepting out the Triangle AB C. Seeondy, If you be to circum- 

admirdb){F"ibe a Circle about a Square, as AB CD, draw the Diago- 

5 _ is AC and BD (Nun. 3.) and their Interſection will give 
L) 
lar. 


* 


e Center, Thirdh, To circumſeribe a. Circle about a Regu- 
regu | | 
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have taught before in Prob, VI. and VII. For deſcribing 
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| of one Figure into another. 
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lar Pentagon, erect two perpendiculars on the middle of y 
two of its ſides, the point of their Interſection wil! be the u 
ter of the Circle to be deſcrib d, as well as in the & (accorty 
to Num. I.) and fo alſo in any other Polygon; which center n 
Furth ly, be found in the Hexagon, ( Numb, 1.) by draw 
two Diagonals, as in the Square. N 


1 3. But ſuppeſe the Figure was not to be inſerib d, nor eim 
ferib'd a Circle, but 20 be deſer ib d upon any one its given ji 
What muſt be done then ? | 


The Way of deſcribing Triangles and Parallelogram y 


tilateralateral Figures there have been invented ſeveral partic 
ways, we ſhall here ſhew one general way for them all, int 
Example of a Pentagon: Let the given line be A B, uw 
which it is required to deſcribe a Regular Pentagon, ( ſee ) 
XXXVII. Numb. 2.) inſcribe within any Circle (Nunb! 
ſuch a Pentagon, v. g. ab ede, by Prob. X. and at B mi 
the angle ABC equal to the angleabe; and the ſide B( 
equal to the given one A B; thus we ſhall obtain an angle 
per to the Figure, and by the help of its Subtenſe AC, at 
the {ide B (, all the remaining angles and fides may readil! 
conſtructed, if v. g. from A there be deſcrib'd an arch above. 
with the length of the Subtenſe A C; and from C, with 
diſtance of the ſide B C, another croſſing the former in Du 


14. 1 defire you now to give me ſome Eaſy Rules for the chan 


Firſt, Any Triangle may be changed into another, underi 
given or aſſum'd angle, if the latter be conſtructed upon tt 
ſame, or an equal Baſe, and between the ſame Parallels, 5. 
if it be made, having the ſame Baſe and Altitude, as ABC 
and ABD, or E F G, (Eg. XXXIX. Numb. I.) Secondh, 
Parallelogram may be changed into a Triangle 2 to lt 
and on the contrary, a Triangle into a Parallelogram, it they hat 
both the ſame Altitude, and the Baſe of the Triangle be do- 
ble, the Baſe of the Parallelogram; as, e. g. the Triangt 
HM K, may be changed into the Parallelogram HL M, 
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it its Baſe and Vice vers, (Numb. 2.) Thirdy, Any Pa- 
logram may, be changed into a Square equal to it, if you 
a mean proportional P D, by Prob. XX VIII. Are. I. be- 
n the Baſe of the Parallelogram OP (Numb. 3.) and its 
W-cndicular Height PQ; and upon it make a Square. 
bh, A Triangle into a Parallelogram, (by Numb. 1) and 
afterwards into a Square (by Numb. 3.) Eifthly, The Area 
Circle may be ſquared, if you make a rectangled Triangle, 
W of whoſe ſides A B is equal to the Semidiameter, or Red's 
ue Circle, - (ſee Fg. XXXII. Numb. 4. ) and the other BD 
s Periphery, by Prob. XXXIV. Artic. i, Then upon one 
Wi of D make a rectangular Parallelogram of the ſame height” 
„ (by Numb. 2-) And, lafth, change this Parallelogram 
Wo a Square (by Nn. 170. 


Wi 5. 4% Trapezium, or Mulrilateral Figure, being given, to fand 
riangle, and conſequently a Square equal to it. =: 5 

f the Trapezium A BCD (Fig. XL. Numb. 1.) were gi- 
WT tobe changed into a Triangle equal to it. Having produc- 
one fide, v. g. A D, draw the Diagonal BD; and parallel 
this, from B draw BG; then will the Trapezium GDE 
equal to the former quinquangular Figure. In like manner 
; Trapezium may again be changed into the Triangle GCF, 
d conſequently into a Square equal to it; and fo in other 


N | gures. 55 ; 
Q 16. To change ſeveral Squares into one equal to them all. 
— Suppoſe the three Squares A, B, C, were given to be 


anged into one equal to them all. Make the right angle 
E F (XLI. Numb. 1.) one of whoſe legs D E let be equal to 
ſde of the firſt Square A; the other E F equal to the ſide of 
ſecond Square B; and draw the Hypothenuſe D F, it will 
the (ide 5 Square, equal to the Sum of theſe two taken 
gether. Again, if upon this D F there be erected anothet 
rpendicular F G, equal to the fide of the third Square C; 
d you draw the Hypothenuſe D G, it will be the fide of a 
Juzre, equal to all theſe three, and ſo on: Or, more beiefly 
us: Make a right angle de F as before, (ſee Numb. 2.) and 
off the ſide of the Square B from # to,, and the ide 6 che 


| 
— 
' 
; 
p 


1 Of GEOMETRT. 
ſquare B from e to d; and draw. the Hypothenuſe f ju 
above. Then ſet this line df from e to g, and the ſide of 
third ſquare C from e to b, and the Hypothenuſe h g will be 
fide of a Square, which will be equal to the Sum of the i 
given Squares; which might alſo be placed from « to; 
there was a fourth Square D to be added to the other three, 
the ſide of this Square might be placed in ef produced if y 
be, &c. | SN | 


17. To change one Square into two other equal or une qual * 
or to find the Difference of two unequal Squares given. 


Firſt, If upon the (ide A B (Eg. XIII. Numb. 1.) ofa} 
Square, there be deſcrib'd a Semi-circle, and its Periph 
divided into two equal parts in C, the equal lines A C, Bl 
ing drawn, will be the ſides of two equal Squares, whek 
gregateè will alſo be equal to the given Square, Secandh, If 
divide the Periphery into two unequal parts, at pleaſure, u 
how as ſhall be required, in D, the Square A D and BI 


be unequal in the ſame proportion; and being alſo tabu 


gether, will be equal to the given Square. Thirdh and 
If, of two Squares of unequal ſides, E and F, (Numb. 2.) 
leſſer be given to be ſubtracted from the greater, _ 
ſcrib'd a Semi- circle upon A B the ſide of the greater; it 
| fide of the leſſer be placed from B to D, the fide AD will 
the fide of the remaining Square. Fourthly, What we han 
in This and the preceeding Problem about Squares, will alk 
like manner, hold true in Circles and all orher regula! 
gur es. | 
18. Now I wou'd have you alſo teach me the Computatin, 
Way, of finding out the Area's of Figures 
' "This is wholly founded on the knowledge of the Are! 
a ſquare and rectangular Figure: whoſe ſides being divided 
to any Number of equal parts, one moving tranſverſely ol 
other, ſhews to the Eye, that there are as many little ff 
arca's contain d in the whole Superfices, as there are uni 
riſing from the multiplication of the Number of Diviſions ol 
ſide, by thoſe contain'd in the other. E. G. If the fide a 
Square A BCD (Ez. XLIII, Nanb. 1.) be for 
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hes long » or the fide E F of the rectangle EF G H (Nam. 


of by right lines, and alſo thoſe in the ſides A D and B C 
other tranſverſe ones; likewiſe in the other Figures, if the 


wi of the fides E F and GH; and again, if the ſides E H 
1. F G be joyn'd by right lines, tis plain, I ſay, that there 


eir ſuperficies, as there are units produced by multiplying 
number 8 into its ſelf, and the number 5 into the number 
ix. there 64, here 30 fo that from hence ſpring theſe 
fundamental Rules; I. That if the fide of a Square be meaſared 
robes, Feet, Inches, &c. and the number of the Meaſures found 
uleiph'd into it ſelf, the Produ will give rhe Area in ſuch Square 
ren. II. If tbe longer and ſhorter ſides of a Rectangle be 
h meaſured, and multiply d into one another, the ProduB will 


l the Area of it in the ſame Meaſures but ſquare ones. | 
BD WG. % cbe ag Ne Numb K L M (Fg. XLIV:) a 
aken WW mboid 5 & 1m. — „ . 
1 e fide 1 is nor multiply'd into it (lf, nor the fide 


tok1; but the perpendicular N M, or u m into the baſe 
or kl, and the product gives the Ares ſought 3 becauſe 
ve ſhall hereafter demonſtrate ) theſe two Parallelograms 


VO ual to 2 Rectangtes, havingrhe ſame, or equal Baſes, rand 
e fame beight with ben 


0. To find he Area of a Triangle. LY | B 
wing meaſured the baſe and altitude of the Triangle, mul- 
fal cither the height by half che baſe, or the whole baſe by 
perpendicular altitude, and take half the product for the 


wel of the Triangle; becauſe ( which ſhall be demonſtrated 
ide {other place) every Triangle is half a Parallelogram, hav- 
anche fame baſe and altitude. E. G. If it were required to 
0 the Area of the Triangle A B C (Fig. XLV.) whoſe baſe is 


d to be 52 foot, and its perpendicular height 40; multi- 


ns of eiber 26 by 40, or = by 203 or laſtly, 52 by 40; 


Je of Product of the two former will be 1040, of the latter 
doc ©» the half of which is bkewiſe 1040, the free of the 
PP". ge ſought. : 21. To 


be 5 Perches, and its other ſide E G 6 : *Tis plain, that 
points of diviſion in the oppolite fides A B and CD be 


be found as many little area's, or ſquare perches, in each 
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21. To find the Area of any Trapezium whatever. 1 
Any Trapezium A B C D, or abc 4 (H. XLVI.) my 

reſolv d into two Triangles by a Diagonal, as cb, or 

which Diagonal may be a common baſis to them both (n 
you may not be troũbled to meaſure two baſes, but per 
the Operation the ſooner) and their perpendicular height y 
be A E and D F, orae and df. If therefore, having found 
Area's of both Triangles, you add them together into one yy 
thi: aggregate will be the Area of the Trapezium. If the T 
pezium happen to have two of its ſides parallel, v g AB 
C D { Numb. 1.) then take theſe parallels for baſes, andi 
perpendicular A M for their common altitude; and muij 
half this by their Sum 3 thus you will have, by muith 
but once, the Area ſought. e 1 


22. To find the Area of am Multilateral Figure, whether I 
ler or Irregular. 5 | 


This is the ſame method that we made uſe of in finding 
Area of a Trapezium : For every figure, from the center in! 
gular figures, or from any point near the middle of irre, 
ones, may be reſoly'd into as many Triangies as they h 
ſides ; but right lines being drawn from one angle toll 
reſt, divides them into two leſs. In irregular hgures there 
in both caſes, the ſum of all the particular Area s ſought, 
have taught above, taken together will give the Arca 
whole multilateral figure. In regular figures, only the 

ol one Triangle fought, and multiply d by the number of 
- angles, contain d in the figure, becauſe the Triangles at 

qual (Fg. XLVIL Numb. 1, 2, 3, Ge) will give plain 
amples. = 


23. Can the And's of theſe hind of Figures be found another 1 


They may be found yet ſeveral ways; Firſt, If the by 
ABCDEFA (Fg. XL VII. Numb. 1.) be reſolved, 
drawing parallels to CD, from the points A and B into! 
Trapeziums, having two ſides parallel, and the rem" 
Triangle A F E, and afterwards finding the Area of the tc 
er by Prob}, XXI. and of the latter by Prob. XX. Second) 

5 | Wii 
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thin the given Figure (Numb. 2.) you conſtruct a Square 
parallelogram as large as can be made, and find the Area 
t by Pohl. XVIII. And, laſth, by the Rules givert before, 
Areas of the circumſcribd Triangles, and add them to the 
4 of the Rectangle. Third, If the whole Figure (Numb. 3.) 
included within a Square, or a Rectangle, and you find the 
« of the Rectangle, or Square, after the uſual way, and 
n it ſubtract the 4reas of the Triangles circumſeribd about 
Figure; Which circumſcribing of a Square may, Fourthly, - 
rantagiouſly be apply'd to the finding out the Area of a 
le, vix. it the Diameter of the given Circle be ſquared ; 
afterwards, by vertue of the proportion of this Square to 
4rea of the included Circle, demonſtrated by Arehimedes, 
ſay by the Rule of Three, as 14 to 11, fo is 144 the Square 

e Diameter 12 Foot, ( ſee Fig. LIV. Numb, 2,) to the 
d 4rea of the given Circle 1 13+ ſquare Feet. 


4. 1 have beard alſo, That the Area of any Figure, the never 
erular, may be found by Weight without any Calculation. 


ou have heard right; and this way, among others, B. 
er, teacheth us in TraF. 3. Geom. Pra8. lib. 4. p. 92. this 
cal, but yet uſeful way, is thus perform d: Out of a piece 
efame Paper, on which the Figure to be meaſured is de- 
ed, let there be made, by the help of a good Diagonal 
, ſeveral Rectangles, one of whoſe ſides ſhall be 10, the 
16 parts in length ( I chooſe theſe Numbers, that the 
of the Rectangle may be equal to the number of ſquare 
in an Acre of Ground or Land) and let their halfs, 
ers, Ge. to as ſmall parts as you pleaſe, be carefully cut 
f the ſame Paper. Then cutting out the Figure, to be 
red, accurately, let it be roll d up and put into one of ths 
of an exact ballance, and into the other put as many of 
oreſaid Rectangles, halfs, quarters, Oc. as will counter» 
it; then the number of Acres, Cc. contain'd in the ſaid 
angle, ſhall be equal to the Ares of the Figure ſought, 
. Du need not put the Reflangle: ſingly into the Scale, but m 
at once a Reflangle containing 10, 26, or 100, &c, ſueb 
ſer ones till you come near the weight, and then equipoeize the 
(es afterwards with the ſingle ones, or their ha(fs, quarters, &c: 
I =: x 29. J- 


Lines from every point, parallel to the gther (ide, you wil 
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25. I deſire you to teach me the way of Dividing Figures inn 
number of Parts, either equal or unequal, or in any fort of Propyy 


This is one of the nobleſt parts of Prafticel Geometry, yl 
long ago hath obtain'd the name of Geodeſis, or Surveying 
admirable uſe in dividing atable Land, or paſture Griy 
and the like, between Heirs or Others, 1 And prſt, 
XLIX) if any triangular Figure, or Parallelogram, be 
to be divided into two, three, or more equal parts; if, hy 
divided the Baſe into ſo many parts, you draw righ! Lines 
te ſeveral points of Diviſion (1, 2, 3) meeting in the 
tex of the Triangle, and in the Parallelogram you draw! 


min the thing deſired. 2. But if the Parts ſought 9 
in this proportion 1, 2, 4; having collected theſe Nut 
into one Sum, divide the Baſe Numb. 2. of the ſame Fig. Xl 
into ſeven equal parts, and take one of theſe for the 
the firſt Figure, two of them for the ſecond, and the 
maining ones for the third, and fo on. 


26. What myſt be noted, in particular, about the Div 
Poratelegrams ? 1 


As every Parallelogram is, by a Diagonal, divided jntv 
equal Triangles ; fo this Diagonal, v g. A B (Fig. XLIX.) 
being bilſected in C, if thro' this point C you draw a 
Line, it will always divide the propoſed Parallelograr | 
equal parts : Since tis manifeſt, that as much as la taken 
one of the equal "Triangles, and added to the other 6 
fide, fo much is again taken from the other (ide and ad: 
the former, This Problem is of great uſe in ſuch a caſe.w! 

piece of Land to be divided {s a 1 * better or work 
the reſt ; ſor by this way they will have an equal ſhare 
| barren and fruitful part of the Land; Which we ſhall ſer! 

_ ſeveral Inſtances, in our Epipedomerry, apply d if 
reh. | 
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37, May not alſo Triangles be divided into two equal parts, by 4- 
| * than that deliver above in Problem X * 

bey may ſo, and that two ways ; 1. The firſt of which 
„ that the Divition may be made from any point in the Baſe 
(Eg. Ls) taken at pleaſure, as D. viz. having drawn 
E, the middle of the Baſe, the obſcure line E A dividing 
Triangle A B C into two Triangles, according to our Me- 
d given in Prob. XXV. and then alſo having drawn an ob- 
Line from D to A, and from E another, as E F parallel 
is, if you John D and F, * D FAC will be equal 
A C, the half of the great Triangle; becauſe the & A's 
F and A D E, ſtanding upon the ſame Baſe A D, and be- 
betu een the ſame Parallels are equal. 2. In which the Di- 
21 is made parallel to the Baſe B C, viz. by b.flecting A B 
and then finding a mean proportional between the whole 
and the half AF, Which is AD. Laſtly, from D draw 
parallel to the Baſe CB, and tis done; which may eaſily 
emonſtrated in its plate, by finding the e of the Whole 
ingle ABC, and the part A D E. N 


8. But ſuppoſe any irreguſar Area were given ts be divided into 
Of = (qual part; or inte parts in any ſort of proportion to 
ber? mY 
his {+ one of the uſefuleſt Practices belonging to Survey« 
nor is It difficult, if you have learn'd this one thing, wite 
of a Trlangle being found to cut from it any part de · 
ded ; which will beſt be taught by an Example : Let the 
Irangular irregular Figure ABCD (N. LI. Numb. 1.) 
ren to be divided, arithmetically, into two equal parts! 
de it therefore, firſt, into two Triangle ABD and BCD, 
ind their rear by Probl, XXI. | 


the Baſe BD 40 Half the Baſe BD 4e 3 
- þ Chain | Perpendicular GF 49 PChalny, 


endleular AR 
— 2238 — = 
of QABD 1400 Chains area Q CBD 24366 lq.Chaing, 


dum therefore of the two Triangles gives the 4re« of the 
e Trapexium to be 3760 ſquare Chains, Now linee this 


wut to be divided into two equal parts, the halt of the 
| Ma n lalt 


part of tlieother Triangle BCD is added to the former, 


ML, as you pleaſe, on the Baſe & D, but ſo that the pol 


Line B C; then if you draw a Line from I to L, it will en 
its ſtead the equal Triangle K DL; fo that IC DL ii 


both are very commodious and beautiful. 
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laſt Sum, wiz. 1880 ſquare Chains will be one half; wi; 
becauſe it exceeds the Area ofthe & A BD, tis plain that 


cut off towards C in the form of a little Triangle, Nani 
upon the ſame Baſe BD : The Ares of which little Trin 
will be known, if the Area of the Triangle A B D be ib 
cted from the half of the whole, there remain; f 
1889 which is the 4rea of the little Triangle B DG: | 
1400 for the placing of this little Triangle upon the kn 
480 Baſe B D, there is nothing wanting but to knoy 
Altitude. But as the 4 of any Triangle is { 

by multiplying the known height into half the known l. 
ſo, in out Example, let the given res 4Bo be divided b) 
the known Baſe B D = 40, and you Will have 1 2 forth 
titude; which being taken from the Scale, and erected; 
pendicularly upon the Baſe B D, and carry%d on towin 
or D, till it toueh the LineB C in G, or the Line D Gh 
a tranſverſe Line belng drawn alſo from G to D, or from| 
B, will give the deſired Triangle BD G, or HBD bl 
now the Area of the Trapenlum AB G D 1» uſt halfthey 
Biven 'Frapezlum AB G P, and the Triangle & CD U 


* 


ther half. 


19. But what if one bad rather baue, inſtrad of nb Tria 
_ CGD, another Figure equal to the ſaid Triangle ? C 
+ done 0 


It may fo, und very readily ; for if you ſet off the hi 
may touch the Line D A ( ſee Fig. LI. Numb. 2.) and | 


the ſame Baſe ( produced if need be) you make the height 
on the oppoſite ſide, equal to the former, ſo that it touch! 


from the Triangle G C D the part & L K. but it will ud 
qual to one half of the Figure, and ABIL the other, 


30. 
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30. 1 deſire you to illuſtrare this Operation by another more ful 

zmple. | 1 
et the A ABCDEFG( Fg.Lll. ) be given to be 
ded into three equal parts. Reſolve it into 5 Triangles, 


fnd every one of their Areas by Probl. XXI. and XXII. 
h 1 ſuppoſe here to be found: 


3. CDF = 10043 Square Chains. 

4 CGF = 10377 | 
sum of them all is 45 5 t 4 Square Chalnsz which be- 
liyided into three equal parts, gives 15171 Chains for 
y part, And ſinee the 3 ABG is a great deal 
han a third part of the given Figure z but being taken te- 
u with the other © B CG, ls ſomething bigger, I ſib- 
that firſt Triangle from the Zum of the third part of the 
7e, 


herefore the third part being. . 141/ 
aving ſubtracted & A B G, which I 3910 


The Remainder will be.. . . 64614 © Chalny, 


he hi taken from the following Trlangle BG C. If, there- 
e pon this res 62614; or omitting the Fraction, if the whole 
and | der 9261 be divided by halt the Baſe BG 8r, it will 
eight he height of the Triangle 757 Chains, and very near 5, 
touch cut oft and ſet upon the Baſe BG, Having therefore 
Fill eng theſe 774 Chains perpendicularly upon the Baſe B G, 


toved them on towards'B, till they touch the ſide B C in 
lf from H to G you draw a right line, you will have a 
part of the whole Are, viz. HG AB; and the Re- 
ler of the ſecond Triangle B C G will be 2315 ſquare 
13.0. . A HCG. It this Remainder be added to the 
Triangle CGF; which is as follows; 


M 3 CGF 


 _ Chain and this being nicely apply'd to the 
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CGF — tog; 
Remainder HCG — 3 | 

Their Sum —— 14690 Which is lebt 
the third part, vis. . 1177, and there þ 
wanting. — 138 fquare Chains wi 
muſt be taken from the Trlangle GD F and ſet on the] 
G F, and joyn'd to the former Sum. Wherefore, hy 
divided this 4rra by half the Baſe CF (If you can exact)! 
it) otherwiſe It mult be divided by the whole Base i 
then the Quotient, muſt be doubled for the helght fough)] 
there will come out the height of the & to be cut off, vi 
trated, . 30 and g, or 3 and — 

ne CD 


will give FG HI the other third part of the Whole % 
that DEF muſt conſequently be the remalng third pun 
may alſo over and above be proved 4 Pofteriors, if the n 
ing part of the Triangle CD F (tound by ubtrating 
2.411 from CDF) vis. — 7363 be added to the 
Aaſt Triangle DEF 9660 | 
Thelt Sum i t 5162, which differs little« 
thing from 27171, the Sum of the thit 
of the Figure found above, Where the difference ls found 
but a Chains But if 28 deſire to change the Figure 
parts thus found ( which in the preſent caſe will not bes 
neceſſary, nor ſo uſeful ) that may be done after the 
taught in the precedent Problem XXIX. 1 


Ax ri 
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the] 


"I of practical, or Ofertibe Stercometry 
\ U 


Wu. T & yu mean by Practical Stereometry ; 


mean that part of Geomeers, which ls practleally empoly'd a- 
t Quantitles of three Dimenſions, 6. e. about Geometrical 
len taken abltraftly, without regard being had to any 


ton of the Magnitude, Capacity, or Solidity of any Body, 
ether they be regular or irregular. 


. How many regular Budiet are there I and which are they d 


u da the different forts of Figurer or Syperſictes, thoſe are 
d regular, which e nſiſt, not only of equal ſides, but alſo 
al angles; and conſequently with theſe their angles touch 
t eriphery of a Clrele circumferib'd about them; and which 
les inhnitely differ from one another, becauſe the elreum - 
bed | eriphery may be infinitely divided. So theſe are call'd: 
ular Begzes that are Ineloſed within regular and equal Sur» 
1, and with their ſolid angles (made by the meeting of three 
n Surfaces in a paint) which are alſo equal, do touch the 
cave part of a circumſcribed Sphere: Theſe regular Bodies 
not in the leaſt infinite; but (which is to be wonder'd at ) 
e can be but five of them found in the whole Univerſe, 
ich we ſhall demonſtrate hereafter ); and theſe are, Foſt, 
Tetrabidron, terminated by 4 equilateral Triangles, Second- 
The Hexahidron, or Cube, comprehended within 6 equal 
ares. Thirdy, The Ofabedron, bounded by 8 equal and 
lateral Triangles. Fourtbly, The Dodecabedron, included 
hin 12 regular Pentagons. And, Fithl, Icoſabedron, contain 
nder 20 regular and equal Triangles: Their true form 
better appear to the Eye, being cut out in Wood, than 
155 = M4 „„ 


,T1v 


„J. 1E III. of Sxen I. 


yiical Con{:deration of them, and chiefly about the Com- 
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the regular Bodies, being as it were, ſa many Seats on wit 
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when they are drawn upon & Plane, on which they can 
appear diſtinct enough, yet their external Surfaces may he; 
out in Paſteboard ; the Forms of which may be ſeen Ny. Il 
Numb, 1, 25 3, 4y Fo SS £79 g | 


3. Teach me I pray, the tay of delineating theſe Regular | 
en Paſteboard or Paper, 3 | MY 


Fiſt, For the Terrabidron (Numb. 1. Fig. LIII.) upon y 
right line take two equal Baſes ab and be; upon theſe dh 
ſtruct two — Thlea les, s 4%% and b de; and 
ving joyn'd the points e and d, upon the line d make u 
ther equilateral Triangle, as /d; or, (in the ſame þ 
Numb. 11 f.) having done the fame as before, joyn « ul 
producing the line as far as F: So that ef may be equal ty, 
and joyn the points af; both ways you will have a Net 
Figure, which when it is folded up, is call'd a Tetra 
| Srcondly, For the Oftabidron (Numb. 2.) make the Net-like 
gure 4 e f, juſt as you did before in Num. 1. for the Tetrahidn 
and then joyn another ſimilar and equal to it downwards, 
is expreſsd in the Figure. Thjrdl, For the Exhabidm, 
Cube Numb. 4.) make the Square 4% e d of what big 
you pleaſe; and upon all its four ſides, being continued, n 
4 more Squares equal to the former; and to one of theſe þ 

alſo a fifth. Fourthly, For the Icoſbidron (Numb. 3.) upon t 
right line make five equilateral I riangles, ſuch as is, e. g. 40 
and upon the ſame Baſes five more, looking downwards, whi 
Vertexes being connected by a right line, Ce. will make f 
more; to which, by continuing de in 5, joyn a fifth / 
ſo that in all their will be 15. Leſth, Upon the Baſe ef, i 
the ſucceeding ones between e and d, make five other Trang 
with their Vertexes looking downwards; ſo will you hare 
the 20 Hedre, or Sides (for ſo they call the Super ficies of 


Vol 


they ſit) of the Ico/ahidron, Fifthly and laſtly, For the. Dodecabis 
(which is ſamething more troubleſome to be made than ther 

on a piece of Paper conſtruct a regular Pentagon, of vi 
largeneſs you pleaſe, as a h c de (Num. 5.) and from every one 
its Angles, v. g. 4 and 6b; alſo from b and e, with the diſta 
# d or bd, make Interſections in x and 1, Ge. and Wehn 


| 
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14, 1 and d, &c. with the diſtance of the fide « b, make 
er Interſections both ways in 2 and 2, Oe. and thus by 
ning together decently, the Points a2 and 1, 2,6 2, and 
2, Ge. you will have five _ Pentagons deſcrib'd about 
thin the middle. Then afterwards, to one (ide of theſe 
n ſ more, diſpoſed in the ſame order, v. g. upon the outer 
„n make, by the ſame Artifce which was uſed in deſerib- 
the tormer, « new, equal, and 2 Pentagon, ir. e, 
| upon the outmoſt ſide of this another M, which will be in 
middle between the reſt, Thus having deſerib d a Penta 
upon the reſt of the ſides of this, u. f. P, Q, R, N, you 
have rightly conſtruſted the Surface of the Oden 


1. But bow are the Side of theſt tveral Dede to be connelied ? 


u, I ſuppoſe theſe Delineations to be perform'd exactly 
Paſteboard, Oe. which ought to be thicker or thinner, 
he Bodies to be made of it are greater or leſs; ſo that they 
y be the ſtronger, and not warp ſo eaſily ; Then, having 
them out of the Paper whole, by guiding a Knife along 
r outmoſt Leaves, paſte on them fine white Paper, or alſo 
r of divers colours; and being well dry'd, a Margent of 
outmoſt thin Paper muſt be left upon each other fide of em 
intermediate Margents being cut off) as may be ſeen in 
LIIl. Numb. 1. where they are expreſi d by the prick 4 
es ef, de and 4. Laſtly, Cut the Lines of the Net-like - 
ions half thro? the Paper, with a Penknife, Ge. by ap- 
ng a Ruler to them, and drawing the Knife along the Edge 
t, that ſo the Paſteboard may the more eaſily be bended and 
ed; and by the help of the Margents that are to be Glew?®d 
ery other ſide, they may be faſten d together in the form 
continued and ſolid Body. ” 


. Which are the Irregular Bodies 2 


Ul others, excepting the five above deſcrib'd; among 
h. Firſt, the Globe, or Sphere, may be thought to be wrong- 
reckon'd an irregular Body; unleſs, perhaps, it be op- 
d to the regular Ones, as being their common Receptacle 
s alſo the Circle, in reſpect of regular plain Figures) other- 
being taken abſolutely and perſe, it is the moſt _— 


wo Of GEOMETRY. 
of all Bodies, conceiv'd to be generated by 4 Sernicirc 
ADBA (Fig. LIV.) moved round iti Diameter A B, , 
A,; from which Geneſis it neceſſarily follows, that, (ing 
tze Serpicircle all Radius's drawn from the Center C 1 
ry Point in the Periphery A, D, B, Ge. are equal, the 
quality muſt conſequently be kept in all the Redi, or 
diameters paſſing from the Center, to all the Points jy 
whole Spherical Superficies. Secondly, "The ſecond Place 
aſſign to the Cylinder,” or round Column, by conceiving i; 
to be generated by a Circle; If, v. g 1. We imagine 10 
cular Plane, as A CD, or ab c d ( Fig. LV. Numb. 1) 
deſcend perpendicularly by the Central Line E F, or obliq 
by ef, but always parallel to its ſelf; Or, 294, if we ſi 
a Right Line, as AB, or ab (Numb. 2.) to be moved j 
perpendicular and erect, or an oblique Poſition, but aln 
parallel to its ſelf, about circular immoveable Plane AC) 
' eracde; which Line directly, doth only define the en 
nal Superficies of the Cylinder, but by Conſequence it da 
mines the whole Body, included within that Surface, juſt, 
the former Genelis, the moveable Circle deſcribd the int 
Solidity of the Cylinder, and with its Periphery the Cyl 
cal Superticies, | may hint now, by the way, Third, 
the Genelis of a Right, or Perpendicular Cylinder, ay 
conceiv'd by the Motion of a Parallelogram AB CD, t 
about one of its Sides C D kept immoveable, as about an! 
(ſee Numb. 3.) Fourthly, To theſe I ſhall alſo add the 
Gegneſis of a Right Cone, made by the motion of a rettay 
Triangle D B ©, turn d about the immoveable Right | 
CD (Numb. 1. Fig. LVI) and another Way alſo, Fj 
proper for the generating of Oblique Cones, viz · by the u 
on of a Right Line a ö, one of whoſe Ends is moved round! 
circular Baſe « ede (ſee Numb. 2. of the fame Figwe) Vi 
the other always paſſes thro the ſame vertical Point b. 


6. Without doube there are other Irregular Bodies beſides thi 


Yes certainly, vi. thoſe Multangular Bodies that, in{ 
analogy anſwer to theſe Bodies already mention'd, which | 
no Angles: Such are, . g. Firſt, A Parallelopipedon, i 
Body included within ſix Parallelograms, fo that every" 


ofite Sides of it are both parallel and equal to one another; 
„ LVII. Numb. 1.) of which fort, among the regular Bo- 
„ the Hexabedron, or Cube, is one. Secondy, A Multangu- 
Priſm (for a Parallelopipedon is a fort of Priſm, but qua- 


h the more Angles ir hath; (ſee the ſame Fig. Numb. 2.) 
4% \ Pyramid, or an angular one, approaching the near- 
to a true Cone, the more Angles it hath; (Numb. 3.) and 
hele infinitely differ, as the Angles and Sides of their Baſes 
more or leſs equal, -and as the reſt of their ſides are more 
quely or perpendicularly erected upon their Baſes. 


Since the chief End and Scope of Stercometry, is the Dimenfion 
| theſe Bodies; will you adviſe us b to proceed in the beſt 
tour? SO | 


You have well hinted ; and, Firſ, the Cabe and Parabel pi- 


lon, For if we conſider a Cube, whoſe Sides contains, e. g. 
oot, this being multiply d into it ſelf, will give 9 ſquare 
t, for the ſquare Baſe of the Cube upon which 9 ſquare 
t tand alſo as many cubick Feet, eoch being one Foot in 
ght. (See Fig. LVIII. Numb. 1.) And ſince on theſe 9 
ck Feet there ought to ſtand in the ſecond height of a Foot 
her Cubes, and alſo in the third height as many ; tis mani- 
that the whole folid Content of the propoſed Cube is three 


be produced, if the Side of the faid Cube be three times 
, cubically ) multiply d into it ſelf. So in the Parallelopi- 
om AB C D (Numb. 2.) if the length AB 5 be multi- 
d into its breadth B C 2 Foot, its Parallelogramical Baſe 


he loweſt Series, as many little Cubes of a Foot. And ſince 
height C D is 3 Foot, there muſt yet he placed two Series 
ſuch cubick Feet upon the undermoſt; fo that the Sum of 
he little Cubes will be 30; which very Number will ariſe, 
he Area of the Baſe FIR 

height CD z. 


= 
1. 8. To 
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deular] or a multangular Column, approaching ſo much 
nearer to the Nature and Rotundity of a Cylinder, by how | 


n give us the Foundation of all Stereometrical or ſolid Di- | 


u 9, h. e 27 cubick Feet: Which very Number will 
| contain twice five, b. e. 10 ſquare Feet, upon which ſtand . 


d, vix. 10, be multiply'd by 


k 
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8. To find the Solid Content of any Triangular Priſm, = 
There are two ways of computing this; for either the g 
Priſm ſtandeth erect and perpendicular, (as in Fig. LIX. Nun, 
and then the Ares of the triangular Baſe A B C is ſought 
cording to the Rules given in Prob. XX. Artic. 2. viz. by n 
tiplying the Baſe of the Triangle AB 6 Foot into half its hey 
BC, which is two Foot; ſo that the Area of the triagi 
Baſe is found to be 12 ſquare Feet, which afterwards hy 
multiply d by the height of the Priſm C D 15 Foot, willy 
the whole ſolid Content of the Priſm, viz. x 80 Cubick þ 
Or, ſecondly, we conſider the Priſm as lying upon one d 
Sides ABCD ( Numb. 2.) whoſe length AB, 21h 
multiply'd into its breadth B C 7 Foot, gives the Area «fi 
| ngular Baſe ABCD, 147 U Feet: Theſe alon 
tiply d by half the perpendicular height of the Triangle, 
by EF, 3 Foot, will give 441, the whole Content df 
Priſm in cubick Feet. 


9. To meaſure the Solid Content of any multangular Prifn, 
ther it be a Right or an Oblique One 


Since every multangular Priſm may be reſolv d into fer 
triangular Ones, (viz by reducing their Baſes into ſo m 
triangular Areas) having one common Altitude: Then 
either every one of theſe triangular Priſms being compute 
part, by the preceedent Problem, muſt be collected into 
Sum; Or the Area of the whole Baſe, being found by Prob. X! 

Artie. 2. muſt be multiply'd by the height of the Fri 
both which ways will give the whole ſolid Content of 
multangular Priſm ; ſince, alſo, a Cylinder may be taken! 
an infinite-angled Priſm, its circular Baſe being found by! 
XXIII. Numb. 4. Artic. 2, and multiply'd by the Perpendi 
lar Height, will give the ſolid Content of the Cylinder in 
bick Meaſure. 


10. To find the Solidity of any Pyramid, or Cone, whatever. 


Since every Pyramid is one third of a Priſm, having! 
ſame Baſe and Altitude; and alſo a Cone one third part 


Cylinder, which hath the ſame circular Baſe and 00 
| (xn. 


refore if you find exactly the Area of the angular Baſe of 
given Pyramid; or the Ares of the circular Baſe of the given 


e, and multiply it by a third part of the perpendicular 
Nun bt, it will give the Solidity of the Cone or Pyramid. 
ph; if one third of the Height can't be taken exactly, multiply 
dyn whole Height by the Area of the Baſe, and then take a 

irs io part of the Product for the ſolid Content of the Pyramid 
riang one ſought. 3 x t 
1 I. To calculate or find out the Solidity of the five Regular Bodies, 
ick %, The Tetrabtdron is a fort of Pyramid, and therefore 


computation of it hath been taught in the preceedent Prob. 
„ Secondly, alſo the Content of the Hexabedron, or Cube 
found in Probl, VII. Thirdly, The Suppuration of the 
ltdron is perform'd, if the Area of the common Baſe «b e d 


ngle, I found (ſee Fg LX. Nu. 1.) be multiply d by a third part of 
ent eight e; for ſo you will have the Solidity of both the qua · 


gular Pyramids 4 bh e d e, abe d + taken together. And, 
by, becauſe the Dodecabidron may very fitly be conceiv'd 
compounded of 12 Pyramid, that have alb their quinquan · 


to ſerie Vertexes meet together in the Center of the Body; there- 
ſo m if, having found the Area of one quinquangular Baſe, 
Then A/ n, you multiply it into one third of the height op, 
puri ch is half the height of the whole Body) you will have 


ſolid Content of one Pyramid; which alſo multiply'd by 
rob. XU vill give the whole Content of the Dodecebidran ſought. 

ie manner, bh, the Icoſab#dron is compounded of 20 
nt oi Pyramids, whoſe Baſes are as many equal Triangles in 


talen Wuperficies of the Icoabidron, and whoſe Vertexes meet to- 
d by r in the Center of the Body ( ſee Fig. LX. Numb. 4.) fo 
erpendiaWuving found the Ares of one Triangle, by Probl. X. Artie. 


fyou multiply it by a third part of the height of one Py- 
(which height is half the Altitude of the whole Body) 
will have the Content of this one Pyramid: And, /4fþ, 
plying this by 20, it will give the Solidity of the whole 
having dren, + | | 1 

part o 
1 Altitu 
(un 


ate ver. 


. | 12. To 
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ich ſhall hereafter be demonſtrated among the Theorem): 


r Baſes, in the Superficies of the Dodecahidron, equal, and 
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12. To find the Solidity of a Globe or Sphere. | er 

This may expeditiouſly: be done by Archimeder's Principly 
the Diameter of the Globe, v g. AB in Fig. LIV. Nun. 
multiply d cubically ; and then you ſay, by the Rule of Thy, 
21 to 11, ſo is the Cube of the Diameter to the Solidity oi 
Sphere ſought. As for Inſtance; If the Sphere be 12 | 
its Square will be 144, and its-Cube 1728, Saying that 
by the Rule of Three, If 21 give 117, 


will give =— 1728 
11 
| 728 
And multiplying firſt by 11 — 1228 
_ The Product is =——\19008  __ , 
Which divided by 217189 ( my - 
- o108 
Ee... > 


The Quotient will give 905.%+ Cubick Feet for the dt 
Solidity of the Globe or Sphere. 

tz. Is there not alſo another Method of finding the Solidi 

Sphere ? © Wits : | 
There is yet another way, but it is deduced from the 

Principles of Archimedes, viz. Firſt, The Diameter being g 

6. g. 12, its Periphery may be found by ſaying, as 7 : to: 


ſo 12 to the Periphery : = b. e. 37. Sceondhy , | 


Circumference thus found, be multiply d by half the Sen 
meter, which in this preſent Example is 3, the Product wi 


the Area of the greateſt Circle == , that is 113 


Feet for the whole Circumference is taken for the Sumd 
Baſes of this infinite lateral Figure, whoſe common He 


the Semidiameter, ſo that it makes an infinite Number of rene 
angles; and conſequently half the Altitude of this Semidiſſ Dia 


tiply d into all theſe Baſes, e. e. into the whole Circum- 
ce, produceth an infinite Number of Triangles, «. e, the 
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cipla Wi of the Circle. Thirdh, The Quadruple of this Ares, viz. 
_ or 452 + ſquare Feet, gives the ſpherical Superficies 
iry de Globe, by vertue of Prop. XXXVII. of Archimedes, lil. 
12 „l. & Cylindro, Fourehh, If a fquare Foot, or the hun- 


h part of it, or ſquare Inch be taken for a Plane, and the 

diameter of the Sphere 6 for the common Altitude, ; of 
viz. 2 Foot, being multiply d into all thoſe quadrangu- 
ſes, 5. 6. into the whole Superficies of the Globe, will 

innumerable Pyramids, meeting togerher in the Center of 
phere, #. 6. the whole Solidity of the Sphere, viz. 9053 

Explain this to me by ſome obvious Example. | 

here is ſcarce another Example fo obvious, as our Terrg- 

x Globe; which altho' it be not exactly and mechanical- 

erical, yet, as it appears to our Senſes at a great diſtance, 

y deſervedly be raken for ſuch, becauſe its Inequalities. 
dat a ſtnall diſtance are eaſy to be obſerv'd, being remote 

a great diſtance from our Eye, are not to be diſcern'd, 

ing no proportion to the vaſt bulk of the Earth. But 

be Diameter of this immenſe Globe, can't be had, or ta- 
nmediately by the Compaſſes, as in the laſt 8 

e 


n the (ting the Circumference firſt, it may afterwards b 
eing h the Circumference of this Terrene Globe is known from 
„ 0 Obſervation, whereby it is found, by going 1 5 Germes 


directly North, or South from the place of Obſervation, 
there the Pole is one Degree higher, and in the latter 
one Degree lower ; ſo that we may ſuppoſe a Degree on 


he * uth, anſwering to one in the Heavens, to contain 15 
luct Miles; and conſequently the whole Circumference of 

L arth (which contains, as all other Circles do, 360 Deg ) 
37 n times 360, h.e. 5400 German Miles. Therefore 
| Sum ing this Circumference, Fir, the Diameter may be found, 


on Hei erring from the Archimedean Proportion, viz. of the Cir 
ord rence to the Diameter; thus: As 22: to 7: ſo::5400 - 
Semid 


Diameter of the Earth, viz. 1719 Miles, nearly. For 
which 
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which Number of Miles, they commonly take the round Nu 
de 1720, the half of which 860 Miles „ gives the den 
diameter of the Earth, which Number of Miles Aſtronom 
make uſe of as a common Meaſure, in taking the Dimenſy 
of the Caleſtial Bodies. Therefore, Second, if by halft; 
Semidiameter, vix- 430 Miles, we multiply the Circun 
rence 5400; we ſhall have the Area oft the greateſt Cin 
2322000, b. e. of that Plane which would he produced 
the Globe of the Earth was divided, by a Section thro! f. 
Center, into two Hemiſpheres : Which very Plane wa; 
contain 2 Millions of ſquare German Miles (that is, 2 Milly 
of ſuch Spaces, as are a Mile in length, and a Mile in bread 
and, beſides, three hundred and twenty two Thouſand, d 

are Miles an immenſe Extent, whoſe Dimenſions our In 
gination can hardly conceive, Thirdy, The Quadruple of ti 

Area, Viz. 9288000 of ſuch ſquare German Miles, will be 
qual to the whole Convex Superficies of this Globe: 4 
Fourtbly, laſtly, One third of this multiply'd into the Semi 
meter; or, on the contrary, one third of the Semidiamem 
mulriply'd into that whole Spherical Superficies, will give 
Solidity of the whole Terreſtrial Globe, vix 2, 662, 5600 
that is, Two thouſand, ſix hundred, ſixty two Millions, fn 
hundred and ſixty Thouſand Cubical German Miles, b. e. « 
ſuch Dye-like Figures; eachof which contain a ſolid Mile, : 
a Mile in length, breadth and thickneſs ; one of which (ing 
conſider'd, is a prodigious Mole of Earth; and ſuch as our ln 
gination, at firſt view, can ſcarce form a juſt Idea of · 
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mtaining the 225 75 and 3 of 
Geometry, apply'd to Material T hings. 


Arier 
The Application of Euthimetry to Material 
Things. | 


| HAT 1 the meaning of this new Word, | Applicats 
Y Geometry ? ES 


u, inf |: Ggnifies the Application of thoſe Problem: already deliver'd, 
. e. M which were given only abſtractedly to be drawn on Pa- 


r; or (if we take it in the ſame Senſe, in which Euclid and 
her Geometricians have done) it ſheweth, rather, how to 
monſtrate the Poſſibility of a Thing to be done, than actual- 
to effect it: The Application of thoſe Problems to Material 
hings, and eſpecially to the Menſuration of the Parts of the 
nth, e. g. of Arable Lands, Meadows, Woods, Cr. to the 
king of the Diſtatices of Places, the Heights of Mountains; 
Je, which require the knowledge of ſeveral other Things, be- 
tes the Method we have alteady taught, to deſcribe the bare 
as on Slit or Rn 
2, Explain-this by ſome more plain Examples, 
We have taught, in the preceedent Section, how to dta va 
ine, to Produce it, to Meaſure and Divide it, by the help of 
Ruler, Compaſles, and a ſmall Meaſure which we call a Di 
: ) 7 ns 
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agonal Scale. But we can't by the fame Way Deſcribe, Coy, 
tinue, Divide and Meaſure, Oc. Lines on the Surface of jj, 

Earth, but the Lines are ſuppoſed to be drawn, if their El. 
treams be mark'd with Sticks, that may be moved from 
place to another, or by any other immoyeable Marks, . 
Trees, Towers, Rocks, and the like: Theſe Lines are cont, 
nued, only keeping your Eye in a level, looking directly tron 
one Mark to the other; and bidding one (or if the Diſtance | 

ſo great that he can't hear the Voice, by holding up you 

Hand, or making ſome other Sign) to place a new Mark be 

hind the [aſt at the required Diſtance, ſo that it may be qu 

hid by the ſecond Stick. Theſe Lines are alſo meaſured u 
divided, not by a pair of Compaſſes and a ſmall Scale of equi 
parts, but by actually applying a 10 Foot Rod, or any ah: 

longer Meaſure that is uſed in any other place, C. All wa 

may far more eaſily be learn d by Ocular Demonſtration, ai 

| having a Maſter actually to ſhew you them in the Fields, tha 
by Words. e — — 
3. Then, as far asT can umderſt and by what you ſay, the Meant 


- ere not of the ſame length in every Place 2 


As the abuſe of Human Liberty hath invented different Iii 
nitudes of Weights, Ells, Ce. almoſt in every Place, to it 
great Diſadvantage of Publick Traffick; ſo in ſeveral Pla 
both the Length and Diviſion of Perches and Geometria 
Meaſures is very different: As e.g. The Perch at Norembey 1 

much longer than that of Rhinlend, bh. e. that which is uſed) 
the People living on the Banks of the Nine; and moreover! 
divided into 16 Foot, whereas that at Rbinlend, and thoſe th 
are uled in other Places, for the moſt part, coutain but 12 Fc 
_ Alfo the Noremberg Foot differs, ſo that one ſort of Foot is ti 
I6th part of their Perch, which the Carpenters commonly 
being divided into 12 Inches: the other is one ſuch Inch ſhons 

_ - which the Maſons uſe in their Work; and this is alſo divide 
into 12 Inches, which therefore muſt neceſſarily be leſs ti 
the former: Which Thing would have created much Conl 
fon and Difficulty in Pradica / Surveying , if the Geometricu 
had kept thoſe Vulgar Diviſions of a Perch. 
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Of GB OMETR : "009. : 
4. Phat Wig ib did the Geamanicians take in theſe Difficuls © 


ies 0 8 1 | . 8 
They took that Method, which we have mention d in out 
'1rithmetioa Fuvenils, Sect. II. Chap. I. Queſt. 8.] and whoſe 
great Uſefulneſs we have already demonſtrated in one or two 


- 
J 1 


Eramples, in the ſame get iam, 2 III. Que#. 4. vin. They 
keep the uſual Length of a Perch belonging to any Place (which 
js not in their power to change) but they divide it into 10 e- 


wal pafts, Which they call Geometrical Feet, and every one of 
eſe Feet are again divided into 10 Inches, every Inch into 
10 Grains, or Lines, Ge. fo that in Euthymetrical Operations, 
the whole Perches keep the ſame Value, whether they be divid- 
f into 12, 16, or into 10 Parts or Inches; but now Decimal 
Feet, are much larger than Duodecimal, or Sedecimal ones; 
ind if you wou d reduce them to theſe, 1his may be done the 
eaſeſt way of all without any Calculation, if you form a Perch 
ut of a long quadrangular Rod, and divide one {ide of it into 
Decimal, of Sedecitnal Parts, as may be. ſeen in Fig. LXI. 
ws if a Line be found to contain 35 Perches, 87 Decimals 
f a Perch, the Number of Perches will Rill be 35; but if any 
ne defires to know the Value of the Decimal . 87, viz. How 
pany Duodecimals they make, that may be found Arithmeti- 
r ˙ A 0507 ow bend 
Oe, 


* 


e 10 . 40 ba 22 fh f tn 9% % 


5. Therefore that we may begin the Application of Praftieal Geo- 
try, to Liner conceived to be drawn mn the Superficies of the Earth, 
Proy tell me how theſe Lines art meaſured? © | 
This may be done ſeveral Ways, but more eſpecially by 
theſe Two: For either you may uſe a wooden Rod; of a Perch 
long, ſuch as was deſerib d above in the preceedent Queftion, 
and then one Man alone may fueceſſirely apply it to the Line 
given to be meaſured, as is repreſented in ſome menſure in Hg. 
LXIL. Numb. 1. which: may better "my by Practice in 
the Fields, than in this * K 6. 2 
> pets ine 
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Line A B was given to be meaſured; Firſt, Set one end of 
the Rod a at the beginning of the Line A, ſetting your Right 
Foot againſt it, that it may not ſlide backwards; then in 
direct Line between A and B, let the Rod fall, fo that its other 
end e touch the point C; then turning the Rod over, lift q 
the end a, keeping in the mean time, the other Extreme c, fd 

at C; and then again ſetting your Right Foot, as before, « 
C, that the Rod may not ſlip back, lay it on the Ground in 
direct Line towards B, and beſure to remember well the num 
ber of Perches, and the Work is done: Or, Secondly, If you 
make a Perch of Ropes twiſted the contrary way, and boiled 
long in Oil, then drawn thro* liquid Wax, and alſo ſinexr! 
over with hard Wax, (viz. that it may not imbibe the Mo. 
ſture of the Air, and ſo be ſhortned, nor in Dry Weather be 
ſo ſtretch'd, extended or grow ſlacker) or if you makes 
Chain of Iron Wire, each of whoſe Links let be almoſt a Fort 
long, and joyn them with Rings; which Chain you may mike 
4 or 5 perches long : Theſe Ropes or Chains, I ſay, they 
commonly uſe in meaſuring long Lines; in which Caſe, there 
ought, at leaſt, to be two Meaſures to help one another in the 
Work, that . pu firſt Meaſurer may faſten that end of the 
Chain, which hath the Ring, with a Stick to the Ground ut 
the point A (ſee Fig. LXII. Numb. 2.) whilſt the other goa 
forward with the other end toC; and being ſhewn by the 
former, either by nodding or holding up his Hand, or ſome o- 
ther Sign to fix his Stick either to the Right Hand or to the 
Left, ſo that the two Sticks A B C may be found in a ſtreight 
Line with the Mark B, to which it is at laſt to be extended: 
Then both ends of the Chain being taken from off their Stick 
let the Meaſurer C go forwards towards B, till the firſt Man 
be dome from A to C, where having again fix d the firſt end 
of the Chain, repeat the former Operation after the ſame man: 
ner as before; in the mean time carefully remembring the N'. 
of Chains and Perches FR } 
6, How i any Line given in 4 Field divided into two, three, 0 
more equal Part. 1275 | 


The beſt Way to do this; is fir to meaſure the whole Line, * 


and then divide it Arithmetically into the Number of equi y 
11 . | I | parts « I 


arts deſired : And, laſtly, Meaſure, by the help of a Chain 
he Number of perches and f. et that are in each part ſeparate - 
Iy. E.G. Suppoſe the whole Line, by meaſuring, was found to 


id of 
Ripht: 


. 
Ling 


* ve 36 Perches * 9 Foot, or 369 Foot; and it be required to di- 

ert vide it into three equal parts; if you divide the Number 369 
„, be Quotient will give 123 Feet, or 12 Perches and? 
1 1 for one third part; therefore meaſure from the beginning 


if the Line 1 2 perches and 3 feet; and at the end of the third 
foot ſet up a Stick ; From this Stick alſo meaſure 12 perches 


115 ;nd 3 feet, and having ſer up another Stick here, the Line will 
ny divided into three equal parts. 5 | 
Mu. 7. Teach me che n of drawing « Perpendicular to a Line given 
er be . « Field, from 4 Point within it or without it, * 
* This may very readily be done by an Inſtrument, which 
nate nn calls Crux Metatorie, or the Meaſuring Crols, which is 
cher erpreſe d in Fig. LXIII. Numb, 1. having 4 fix d and immove- 
Tos, able Sights 4 or, inſtead of them, ſo many Lins perpendicular 
ie erecked in the middle of the two Rulers, croſſing one another 


u right Angles. Having placed this Inſtrument on the given 
Line AB (Numb. 2.) in the given point C, and the Sights « 6 
xing turn d directly towards the Stick at A, if you look thro? 
the other two Sights C D, and bid any Body ſet up a. Stick in 
D, that may exactly anſwer ta the ſaid Sights, you will have 
the delired perpendicular C D; but if the point D be given 
vithour the Line A B, and from thence it is required to let fall 
a perpendicular DO C; moving the aforeſaid Crux-Mezateria on 


the Line AB, from A towards B, or from B towards A, 6 


* that two of the Sights may always be in the ſame ſtreigbt Line 
«| vit A and B, and fo long, till through the tranſverle Sights 
ans Dou can ſee the Mark D 1, the Croſs will be in the point C, 


ind a Line drawn from D to C will be perpendicular to the gi- 
ven Line, | Eo - | | | 
8. Through 4 given Point C, to draw 4 Line parallel to 4 given 
Lin A B, in @ Field. (Fig. LXIII Numb. 7 wo 
From C let fall the perpendicular C D, by the latter end of 


the preceedent Problem, and meaſure it according to Problem 
V. Then on the other point — the Line A H, e. g. on E erect 
1 „ OE Ons 


8 


a * 
2 * , 


N I 
* 
» 


x 
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the perpendicular E F, equal to the former ; then ſet up $ 
in 0 * you will . that parallel C F. A. ** " 


9. To Meaſure 4 Given or Propoſed Angle in « Field, and te th 
preſs it in it. Degrees and Minutes. a 


This may be done in the firſt place by a Geometrical Inſtry. 
ment (which the-V ulgar Geometricians call, by a grand Abyſ, 
an Aſtrolube) whoſe Semicircle, or its Quadrant is accurately 
divided into Degrees, and every Degree into four parts; ones 
which is 15 Minutes ; the Uſe of which Inſtrument muy fie 
more eaſily be learn d by practicing in the Fields, than by t 
great many Words: But if you have a mind to take the Angl 
without knowing expreſly how many Degrees it contains, ts 
may readily be done by the help of a little plain Table, which 
is an Inſtrument of great uſe in practice, and may deſerved) 
be prefer d beyond ſeveral others. 


10. I have beard much of thi: Table, and therefore I defire you 
ſhrew me Here, and in the following Chapters, the Bay of makin 
i ; and a(ſo iti Uſe, 


The firſt Inventer of this Table is ſuppoſed to be M. 70. 
Preetorint, formerly Profeſſor of the Mathematics in the Ut 
verſity of 4/torf, Which he call'd the Gromerriealz but B. Sw 
ereus his Pupil, and afterwards Succeſſor, calls It the Praten 
Table, and hath deſerib'd a laborious Way of — bit 
very eafy Rules about the uſe of it, in à particular Treatif, 
Which is the third In number of Praftical Geomeny, publiſh'd by 
him In the German Tongue, Anne 1625, In the laſt Editio 
of this Geometry, Andrea Becel erus, the Publiſher of it, hath 0 
ven a more as Way of _— this Table, which in thi 
place, for the ſake of young Beginners, I ſhall give for tht 
exerciſing them in Prefieal merry. It conſiſts chiefly of two 
parts, viz. of au or Prop, and of a Wooden Table, whit 
muſt be placed upon this Fulerum : And this Prop ( as near 11 
can remember, for | have not that laſt Edition) ſtands upon 
Feet like a Tripod, either moveable or fix'd, furniſh'd at tht 
top with a ſquare ſort of a Head, made to turn round on 1 
Axis horizontally, but not too eaſily” To the Table, V 


is about « Foot and half ſquare, on the under (ide 1 ripered 


Cap 
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Capſal C (ſee Rig. LXIV. Numb. 2.) by which it may cloſely 
be fitted, either to the upper Plane of the Head A (Numb. 1.) 
or to the lateral Plane B; to the former for the taking horizon- 
tal Diltances of places; to the latter, for the meaſuring the Al- 
titudes of erect Bodies, Laſtly, to it there ſhould be added a 
Label with Sights m ; (Numb. 3. ) or, inſtead of this a plain 
Ruler o p, having a Pin faſtned to it with Glew or Wax, 
on the gu Hand Edge at p : which, together with another, 
muſt be faſtned to the Table it ſelf; ro which a Ruler being 
apply'd, it will fitly ſupply the want of Sights in taking Alm, 
or levelling the Inſtrument to any Object. 


11. Tell me then, by the help of tb Inflrument, how to make 


gen Angle B AC, (Pig. LXIV. Numb. 4) 


The Angle BA C my be taken, by placing this Table in 
A; and over this point A, on the Inſtrument make the point s 
anſwering perpendicularly to it ; and there =_—_ a Pin, and 
applying the Sights, make « Level to the Mark C, by draw- 
ing a Line 4c upon the Table: Then, _ keeping the 'T'a» 
ble unmoved ) level the Sight to the Mark By and having 
likewiſe drawn the Line « b upon the Table, you will have 
the Angle b « e, Which may be transfer d to a Line D F, given 
In wy other place, we. by placing the Inſtrument In D, fo 
that the point A may be perpendicularly over the point D 
(which may be done exact enough by the by of Perpendl- 
cular) then direct the [ine « e, With the Sights aply d to it 
(by turning the Table of the Inſtrument a little ) towards the 
Mark F; and this being done, and the Table alſo remaining 
inmoveable, apply the Teleſcope to the Line ab, and almin 
thro! it, bid ſome Body ſet up a Stick in E ( elther by Nod» 
ding ta him If he goes right, or making ſome negative Sign if 
he goes falſe) anſwering preciſely to the bights of the 'T'ele- 
cope ; or (Which is the ſame thing) to the Pins, and by this 
m_ my will obtain the Angle K D F, equal to the given 
one a 


N 4 12. No 


won D F 4 Line given in 4 Field, an Angle E DF equal to the 


* 
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11. Now teach me how to tale the Diſtance of two Placer A 400 
B (Fig. LXV.) which can't be meaſured by the Chain, &c. through. 
out, but is acceſſible at both Extreame from a third place C. 


'Tis both pleaſant and eaſy to perform this by the Table 
vix- fixing it in the third place C, and upon it you find the 
point c by the help of a Perpendicular, hanging perpendicular 
over the ſaid place; and there ſetting up a Pin, place the Sipht 
in a level, by looking thro the Teleſcope to A and B, an 
drawing Lines along the Edge of the Ruler of the Teleſcope; 
Then meaſure, with a Perch or ten Foot Rod, the Lines CA 
and CB, which we ſhall here ſuppoſe to be already found, y 
CA2r, and CB i6 Rods. Taking therefore a Gema 
Scale, proportionable to the bigneſs of the little Table, fron 
it take, with a pasr of Compaſſes, 16 ſmall Rods or Perch; 
and from e, upon the Inſtrument ſet off to b ; likewiſe ſet of 
21 ſuch parts from c to 4, the Right Line a 6 being dra 
and meaſured on the ſame Scale, will give 2.3 little Perches, to 
Which ſo many of a juſt length, in the Diſtance A B, will necel 
farily anſwer. If you have not a Scale ready, divided int 
ſuch ſmall parts of the Table of the Inſtrument, as may contain 
the Numbers found ; then, either take the Paper from off the 
Inſtrument, and laying it upon a larger Paper, Slate, Ge, pro- 
duce the Lines; or, in the ſame Linen ſet oft half thoſe part g, 
v. g. for 16, frome tob, and to f inſtead of 21, from e tos; 
Which being done, ab will alſo give juſt half the Number o 

=_ F therefore being doubled It will give the whole Ul. 
ſtance AB ' EO IE 


13. To tale the Diſtance of two Placer, C and A, that are þ 
inacceſſible, that you can come but to one End C of the Biſtance, ( bee 
Fig, LXVI) by the Plain Table. 
Place the Table, in the ſaid Extream C, and over it, on the 
Table, having afſumed the point e, by levelling the Sights 
draw o s towards one Extream A, and cb towards the ſecond 
Station B taken at pleaſure, Then meaſure the Diſtance be. 
tween the two Stations; or, in the Line CB, aſſume as you 
aſe, o. g. 20 perches ; and take ſo many parts from a ſmil 


le 
beide, and ſet them on the Table from e to b; then move the 
W Inſtrument 


* 


/ 
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| fame Scale, from which the Diſtance of the two Stations wa 
taken, (ſee Fig. LXVIII.) and compare it with the foregoing 
one: Alſo note what follows: Firſt, If you make an Oh, 
vation at a Tower or Hill, the beſt way is to direct the Sigh 
of the Inſtrument to the higheſt pinacle of the Tower, or 1 
the higheſt place of the Mountain; and, if the Thred or Chat 
of the fartheſt Sight be ſo low, that you can't direct your H 
thro? it to the higheſt part of the Object, you may fit to xt 
Square, and ſo direct your Eye along its erect Ruler, be 
exactly fitted to the Fiſſure or Thred of the Sight, in whit 
Caſe — ought to keep the Inſtrumentin an horizontal Poſiticn 
and if you have occaſion of making your Obſervation from 
higher place towards a lower ; then any one will eaſily fee thy 
the Square mult be fitted after the ſame manner to that Sigh 
next the Eye. Second, This is very uſeful in practice, wid 
B. Swenter adviſeth in his Trad. III. of the Preterian Table, Lib 
Prop. IX. viz. If the Diſtances of ſeveral places, eſpetil 
thoſe that are afar of, be required together, which one Pax 
on the Table can't contain, except you take the Diſtance, | 
eween the two Stations, from a very ſmall Scale, which make 
the whole Operation more uncertain and leſs accurate; thy 
tis far better to uſe two Papers, one. e. g. in the firſt Statix 
by directing the Sights toevery one of the places, and drayi 
Lines on the ſame, and making every one of them with th 
proper Letters; the other at the ſecond Station, drawing oth 
Lines to every one of the ſame places, and marking them vi 
the ſame Letters; in the mean time carefully remembring i 
Number of perches between the two Stations, which aft 
wards muſt be taken from a larger Scale of equal parts, 
| ſetoft upon a larger Table or Paper: For if the Lines ofi 
firſt Paper, carefully taken in the firſt Station, be produc 
thro? the whole length of the greater Table; and if the Li 
of the ſecond Paper, being orderly directed back again towit 
thoſe of the firſt Station, be produced the whole length of 
fame Table, till they interſect the former, theſe very point! 
Interſection will mark out the places themſelves, and alſo ti 
diſtances, to be taken from the large Scale, which wil 
much more exact. (See Fig. LXIX.) and compare it with! 
foregoing. Thirdly, If any one deſires to have many * 
| yl 
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ing on either ſide of the two Stations, plotted down upon 
ie ſame Paper of the Table, as in the Caſe of Fig. LXVIII. 
upon two Papers, as in the Caſe of Fig. LXIX, then the 
ine of the Stations ought to be drawn in. the middle of the 
able and of the Paper; and the places may be ſcituate on ei- 
er ſide thereof, that by this means the Lines from one place 
another, may be contain'd on the Table. 


14. To toke the Diſtances of two Places AandB ( Fig. LXXIN) | 
u one Station, that are not only inacceſſible, but alſo ſo ebſcured, that 
uw cannot ſo much «s ſee from one to H other. 5 


This Problem which was thought by ſome impoſſible to be 
ſoly'd, B. Swenter ſolves it thus, in Trac. III. Pag. 31. On 
th ſides of the Table, placed at A, he ſets up two Sticks, 
and E on the Left Hand, and F and I on the Right; fo 
atDEB, and 1 F B be in a right Line, and all of them, ex- 
xpt B, both acceſſible and viſible from A. Then aſſuming 
e point « in the Table, anſwering to the Station A, he ob- 
mes them all thro' the Sights, and draws the Dines « e, and 
d, allo «f, and as; then he firſt meaſures the Lines A E, 
D, AF, Al, which being exprefs'd in their proper Mea- 
& from the Scale, he draws a Line from i and 7, and alfo 
iro" d, 6, mutually interſecting one another ia b ; which being 
one, ſince the point 6 is determit d upon the Table, the Di- 

ce ab being meaſured upon the Scale, ſhall give the true 
ſtance from A B proportionally, 


7. To taks an acceſſible Height with che Plain Table. 


For the taking of Heights, the T'able muſt not be faſtned 
orizontally to the Head of the Fulcrum in A (Number 1. 
ly. LXIV.) but vertically in B, that ſo it may have an e- 
ct Poſition, as may be ſeen in Fig. LXX. Numb. 1. And 
Ince the Height A C is ſuppoſed to be acceſſible below at A, 
ike any Diſtance at pleaſure, e. g. DA 30 Feet; and place 
be Table fo, that the point of it d, may anſwer perpendicu- 
ly to the Station D; which may be done by applying the 
erpendicular ed f ; along which deſcribe alſo the Line e d. 
hen from d having drawn at Right Angles to it, the horizon- 
Line d b, containing 3 0 parts, taken from ſome ER 

| . | tric 
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trical Scale, and fixing a Pin in d, from it look thro? the dg 
to the top of the Tower C; and having drawn the Line 4, 
along the Edge of the Ruler belonging to the Sights, from 
with a Square, erect the Perpendicular b c, which being ma, 
ſured on a Scale, will give 38 parts, as ſo many little Pe 
anſwering to ſo many true Feet in the Height BC; to whid 
muſt be added alſo the Height of the Inſtrument d D or Bd 
that you may have the whole Height of the Tower AC. 


18. But ſuppoſe the Height A C f e. g. of Mountain) wa in 


ccceſſible? (Fig. LXX. Numb. 2.) 


Then you mult work from two Stations D and E. (Nun. 
taken at pleaſure, and at what diltance you pleaſe from one! 
nother (e. g. 16 Perches). In rhe firit Station the ſame Wark 
mult be repeated, as was done in the Caſe of the foreguin 
Problem, in the Station D, only you mult not erect a Perpen 
dicular in the Table from e, the point of the other Statia, 
Theſe Things being perform'd, go forward to the other + 
tion in E, and having placed the Table, fo that the point e 
the aſſumed Station on the Table, may preciſely anſwer to th 
true Station E; and having drawn the Line of the Stations :o 
in a level or horizontal Scituation, ſet up a Pin in e, and m 
a new Obſervation in C; drawing alſo on the Table the Li... 
of Obſervation e c; which if it dont cut the Line de of the 
firſt Obſervation, in the Table it ſelf, taking the Paper 
from the Inſtrument, and prolong che Lines de and ee uh , 
another larger Paper or Table, till they meet in a point c; 

then produce the horizontal Line de, and from the point o 
Interſection e, let fall the Perpendicular c 6 upon it; whid 
being meaſured upon a ſmall Scale, will give the true Height 
of B C; to which muſt alſo be added the Height of the Id 
ble e F, or BA, that ſo you may have the Height of cw 
whole Mountain A C. the 


19. Are there not alſo other 2 of taking Heights and Diſt au * 
in the open Field? | K 
There are ſeveral different Ways of doing this, by the bee top 
of divers forts of Inſtruments ; the chief of which is that, vu Foot 


garly call'd the Aſtrolabe, or a Geometrical Inſtrument ; : 


vi the Angles are taken; ſo that two Angles and a Side be- 


Sight g knowny or two Sides and an Angle, the third Side and the 
ne do maning __ may be found by the Rules of Trigenomerry, 
from dich Way being ſomewhat 100 laborious and difficult for the 
g Me BE ng Student, we ſhall hereafter teach it in a particular Trea- 
e - ſe, under the Title of Trigensmetry: But the moſt ſimple and 
\ Whic 


ſy Way of all, is that which is perform d without any artifi- 
il Inſtrument, only by the help of ſome Sticks; and which 
icheth us to perform almoſt all the aforemention'd Caſes ; one 
two of the ealieſt of which we ſhall again repeat. E. G. 
vt, If the Diſtance A A B, which is inacceſſible fore-right, 
r which may be approach d from a third place C(Fig. LXXI.) 
both ſides, was required to be found, to the meaſured Line 


| One z. 
> Wark 
regoing 
Perpen 
Station, 
\er dts 
int e0 


e equal one C; thus will the Diſtance « 6 (which 1 ſuppoſe 
d be acceſſible) be equal to the inacceſſible Diſtance AB: 
Ir again, if you make C A and C BB equal but to half the 
nes CA and C B, then will A B be half the Diſtance AB. 
mdy, If the acceſſible Height A C be required to be found, 
ke what Diſtance you pleaſe, as A D ( Fig. LXXII. Numb, 1.) 


r to the 7, 20 Foot: And having erected in D the Staff DE of a 
ons own height, place a longer Staff G (whoſe Exceſs F G a- 
wy we the Staff DE is alſo known, and of what length you 
he Li 


leaſe exceeding it, .. g. by 8 Foot) between D E and AC; 
that looking from Ethro' G, you can ſee the top of the Ob- 
C: And laſtly, meaſure the Diſtance E F, and ſay, by the 


of the 
aper oft 
| C ud 01: 


ont © Ngo) to BC (20); to which if you add the Height of the 
point art staff DE or B A (4); you will have the whole Height 
; what C (24) or (3). If you would find the acceſſible Height 
Heiz 8 (Numb. 2.) by the help of a Looking-glaſs, which may be 
* * aced, v. g. in C, at the Diſtance AC. You muſt move 


ackwards from C to @ b, till from ö you can ſee in the Glaſs 
„the top of the Wall, Ge. B: After which, meaſure the 
tance from the Glaſs C ( in which was ſeen the top of the 
dect) to A (which ſuppoſe to be 15 Foot); alſo meaſure 
« the Diſtance of the Obſerver from the fame Point in which 
e top of the Object was ſeen, and the height of the Eye 46 
Foot): and laſtly, infer, As 4 C, 3, to 46, 4, ſo A C, 
to AB 20, Ge. ARTICLE 
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Cjoyn C « equal to it; and to the meaſured Line B C joyn 


ue of Three, As EF: to FG: (12 to 8) ſo is D A, or EB 


able, or elſe you can't come to work within it, but can g 


* . 
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lt. 


— A ** 


Ax TICLE II. of SE r. I 
Applicate, or Pzactical Planimetry, 


I. o TE net this Applicate Planimetry contain ſome ulla 
Things beſides what have been delivered in Article Xl, 

the Laſt Section? | | 

| Yes; and not a few: The chief of which is the Ichngrgy 

of the Field Plans; 5s. e. a proportionate Delineation of then 

on Paper, Oc. from a ſmall Scale, which is called their Grang 

Plot, which Operation is very neceſſary and uſeful, and cut 

be perform d more exactly and eaſily by any other Inſtrumet 
than by the Pretorian Table. 


2. Teach me then the way of raking the Ichnegraphy, or Cui 
Plot of a Field, by the help of the Plain Table. | 


There is not only One, but Several Ways of performiy 
this, vi. according to the various Conditions of the 4rea tos 
delineated ; for either it is on every Side acceſſible and perm 


round about it: Or, laſtly, it may happen that this can't bt 
done. In the Firſt · Caſe (which we ſhall conſider in this Plac 
' as being the moſt eaſy and ſimple) place the Table in the Fil 
about the middle of it; and in the middle of the Paper chool 
the Point o (Eg. LXXIV. Namb. 1.) from which obſerving 
every Angle ot the Figure A, B, C, D, Ge. draw the Line 
04, ob, oc, o d, &c. which are as yet undetermined as to thi 
Length. Then meaſure exactly with a Rod, Ge. the Di 
ſtance 0 A, „ B, oC, oD, Ge. and from ſome Geomettic 
Scale determine the Lines o 4, ob, oc, 8&c. Laſtly, joyn ti 
| 3 5 b, c, d, e, f, and you will have the Ichnography 0 


3.4 


— — re Ls 
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1. And can's this be done without the Plain Table, or any other 
frument, by belp of @ few Sticks and the Crux Metatoria ? 


t may ſo; and if the Area it ſelf be alſo to be computed, 
netimes more commodiouſ]y and exactly; e. g. Suppoſe the 
s was given (Fig. LXXV. Numb. 2.) reſolve it into Trian- 
e according to the Method taught in Se8. I. Artic. II. Prebl. 
- and 16; and aſſuming for the two Triangles A BC and 
C, the common Baſe (CA) meaſure both its whole Length, 
d alſo the Height and Diſtance of the two Perpendiculars 
: and A 1, from either Extream, v. g. A; and alſo the 
Jeights of theſe Perpendiculars B 1, F 2; and fo in the reſt 
the Triangles alſo, having the- common Baſe EC; all 
hich Lengths are expreſt by their proper Numbers in the 
zue; for Example fake, only obſerve this one thing, That 
the Menſuration of the ſaid Lines, ſome ſhort and compen- 
ous Way may be found, which you may more eaſily learn 
Practice than by Words. Theſe Rules being well obſerv'd, 
t only the Computation of every Triangle, knowing already 
cir Baſes and Perpendiculars (by the above-cited Problem) will 
rery eaſy, but alſo the Ichnographical Delineation of the 
ee upon Paper, taken from ſome Geometrical Scale will be 
form d without the leaſt Difficulty ; e. g. If you ſuppoſe the 
ine e (Fg. LXXV. Numb. 3.) to contain 123 Parts, 4 1, 
0; 42, 45; from 1 and 2 erect the Perpendiculars 15, 16, 
d2f, 35, and you will have the four Points, «, b, e and f 
the Ichnography. If alſo fromF, at the known Diſtances 
and & 4, you make an Interſection in 4, and through 4 
wing produced o e, containing 120 Parts, you will alſo have 
und the Point e, and erecting the Perpendicular 3 dof 33 
ts, it will give the laſt Point d; therefore if you connect all 
le. Points 4, b, e, d, e, J by right Lines, you will have the 
Hography of the propoſed Area. N 


4 But if we cannot freely paſi over the given Area , what miſt 
done then to find its Ichnography d 
E. G. If it were required to find the Area of a Fiſh-pond, 


the middle of which the Table can't be placed, nor the 


ter Circumſtances performꝰd that were done in Prob, 2. then 
you 
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5 you will ſcarce find a better than that which we have taugh 


Artic. I. Prob. 15. for the Meaſuring the Diſtances of ſerer 
places, viz. you mult take two Stations, X and Z. (Fig, LXxy1) 
and you will have Proportionals to the Area given to be [th 
nographically Delineated ; in both Stations apply a new Pape 
and make Obſervations, drawing Lines at every one of then 
as was taught in the foreſaid Problem: And laſtly, If by he 


ol the Artifice ſhewn in the ſame Queſtion, Numb. 2. you dt 


termine all the angular points of the Area upon a Table ſome 

thing larger than thoſe Papers, and truly connect all thek 

points by ſtreight Lines. This Area will be proportionate to 
and the Ichnography of that which was given. 


5. Bur ſuppoſe the propoſed Area can't be paſid b nei 
all its Angles ſeen from one or two Stations (v. g. a Mood or El 
fie) can the Ichnography or Ground. plot of ſuch a place be talen 


| There is no doubt of it; and may be done by going roun 
it, and moving the Table from one Angle to another , an 
taking all of them ſeparately, alſo meaſuring the intermedia 
Lines, and expreſſing them, being taken from a ſmall Sal 
upon the Table, as in the following Examples : Suppoſe th 
following Figure (Fig. LXXVIL) ABCD E F G, or ary 
ther ſuch like Figure, repreſent, inſtead of a Fiſh pond, 
Wood; Meaſure, fit, the Line A B, which ſuppoſe to 
20 Perches, and B C, 15, and then placing the Table ind 
on it, aſſume the point h. from which obſerve A and B, dri 
the Lines ba and b e, taken of a proportionate length frat 
your Scale. Secondly, Having transfer'd the Table from Bt 
C, and directed back again, the Line bc, drawn on the T 
ble to the Stick or Mark at B ( ſet up by your Servant in ti 
place where the Table ſtood) direct the Sights of the Inſtn 
ment from c to d, and draw the Line c d, and in it ſet off i 
fame number of Perches, taken from the Scale, which betc 
was found to be the true Meaſure of the Line CD, Gc. andi 
you repeat the ſame Operation at the reſt of the Angles of tt 
Figures; v. g. carrying the Table from C to D, and in tt 
mean time bidding the Servant to remove the Stick from B! 
C, that the Line dc may be directed back again to it, © 
you will at laſt have the whole Figure of the Area, bon 
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u Periphery, and Ichnographically delineated in little 
efures, Which you may afterwards (if you pleaſe) reſolve in- 
Triangles, and fo calculate its ſuperficial Content. And here 
ought chiefly to take notice, that altho' the laſt Point F be 
nediately joyn'd with the firſt, 2 on the Table, ſo that the 
ole Figure is thereby incloſed, and conſequently the laſt Sta- 


gain d, yet tis better, nay very neceſſary, having direct. 


the Line Fe back again, to make an Obſervation from F to- 
& A, and then meaſure the Line F A, viz. that you may 
whether the Line f «, which is the laſt ro be drawn on the 
ble, will point directly to the firſt point a, and with its whole 
oth preciſely touch this point, and by that means (which 
| happens, eſpecially in multangular Figures) exactly cloſe 
Figure. 
, But what wuſt we do then, when the faſt and laſt Line b a and 
tither gape, or interſect one another? | 


. Sventer hath deſcrib'd four ways of correcting ſuch Gaps 


the Ichnography, of which we ſhall chooſe that, as being 
e eaſy than the reſt, which as he ſayeth, Precoris uſed, who 


the Extremes wou d not joyn, chooſing a point in the 


de of the Area, he drew from thence right lines through all 
Angles, and through the two aforeſaid Extremes, which he 


or open d with a Penknife : by means of Sections, he mo- 
tly contraſted all the Angles, viz. by joyning to one ano- 
the ſeveral Triangles thus cut, till all the extreme points 
djoyn well, and cloſe the Figure : But when he found 
the Extremes over-reach'd and croſs'd one another, then by 


rectilinear Sections, running all from one point, he a little 
nd all the Angles of the Figure till the Extremes would but 
touch ; and by this means he cou'd draw much cleaner and 
e correct Draughts of the Areas upon other Paper, by 


ferring the ſeveral points of the Angles with a Needle or 
nto the new and fair Draught. TT 


4 
— 
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7. If the breadth of the Paper on the Table be ſo fmall tha i 
cant contain the whole Figure of the Area, but it happens that in th 
drawing of a Line, it fall beyond the Table, what muſt we do then) 


| There are three ways whereby we may help this Difficulty , 
the Fyſt, which is ſomething more incommodious and leſs 2c. 
curate than the reſt, is this; If in the drawing the Figure fone 
Lines happen to reach beyond the Table, take all the precee. 
dent Lines from a ſmaller Scale than that which you made uk 
of before, and thus you will have the whole Figure expreſsdin 
lefs room on the Tables: The Second is better than this, ify 
often as it happens that any Line can't be contain'd in the Py. 
per on the Table, having taken away this Paper apply another 
thereon, and draw at leaſt ſome part of the Line on the firſt Py 
per (which can't contain the whole) but on the Latter, and ney 
Paper expreſs all the ſame Line in its due meaſure and contin 
the Obſervations of the ſubſequent Angles, Oc. till the fine 
Difficulty return, and then apply a third, fourth, fifth, & 
Paper, which being mark'd in their Order with their proper Fi 
gures, When you come Home joyn them decently upon a Ti 
ble, or a large Paper, then the Points of all the Angles deſcri 
ed in the Table being connected by right Lines, will give tix 
whole Ichnographical Ambit of the Ares. The Third is tht 
which B. Pretorius uſed, and is the beſt of them, if all the A 
gles of the Figure be taken from any one Point of the Habt, 
e. g. b (Numb. 2. Fzg. LXXVII.) aſſumed near the middle « 
it, and the length of the Lines be not expreſs'd actually fron 
a Geometrical Scale, but the true Meaſure of each only mark! 
with their Numbers, then knowing already the Angles, and 
having mark'd out the length of the Lines, the Ichnographic 
Delineation of the Figure may be made on a larger Table o 
Paper, in this manner: Having drawn the Line A 1B of 131 
Foot, taken from ſome ſmall Geometrical Halt, apply to it th 
Line 6 a deſcrib'd on the Papet of the Table, fo that the Pont 
b may exactly anſwer to the Point B, and the Point 4 may fi 
on the Line 1B (which may very readily be done, if between 
«and b you cut a little Notch with a Penknife, having tit 
Points diſtinct) and then with a Needle or Pin make a Þ!i* 
through e, through which from B draw the Line B C, con 
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uining 180 little Feet: Alſo having again apply d the Point þ 
to C, and directing back again the Line h a to B, at d make 
2 Point, to which draw the Line C D, containing 1 19 parts, 
taken from the ſame Scale; let this Operation be continued af- 
ter the ſame way, always directing the Line 6 a back (as now 
from D) along the preceedent Line D C ( which is ſuppoſed 


to be perform d after the ſame manner in the obſervations of the 


Angles themſelves) having made alſo a new Point in e, through 
which draw a new Line in C, Sc. which anay be ſhewn to 
Learners by a skilful Maſter, far more eaſily than by Words; 
for which reaſon we have thought fit rather to intimate the 


new Tigure in Words A 1B CO, Se. than actually to deli- 


neate one. 
8. To rake the lehnegrap ly of a curvilinear Aten. 


Fe, If the Area be acceſſible and paſſable thro' and thro', 
fx the Table in the middle of it; and on it chooſe a point near 
the middle, v. g- o (ſee Fig. LXXVIII) and having firſt erect» 
ed Staves or Poles in A, B, C, D, Gc. at what diſtance you 
pleaſe from one another (according as the Curvity of the Fi- 
pure requires) meaſure all the lines o A, o B, o C, &c. having 


obſerv'd all the Staves from the point o in the Table, draw the 


lines 0 8, o g, &c. and transfer theſe Meaſures found, from o 
to ag, &c. and let all theſe points afterwards decently be con- 
nected by curve lines, much after the ſame manner as before 
ſhewn in Probl. 2. Fig. LXXIV. Secondly, If the Ground Le 
cloath'd with Graſs or Corn, or by any other Means, will not 
permit you to paſs to and fro in it, but yet you can come all 
round it, or at leaſt to a good part of the Ambit, as Z X IV, 
Ge. deſign it upon your Table after the Manner before taught; 
then chooſing out a new Station N, obſerve how it bears from 
the point o on the Table; and for the Diſtance o N, ſet off 
from your Scale the proportionate one o n on the Table. Then 
moving the Table forwards to the Station N, and ( which is 
much the better way) having furniſh'd it with a new Paper, 
that ſo from the aflumed point # of the new Station. Lines may 
be drawn of a ſufficient length on the Table towards the points 
P,0,M, L, K, alſo deſign the portion of the Ambit P L on 
this new Paper, and the fame Operation muſt be repeated 5 

| O 2 the 
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at the reſt of the new Stations, till the whole Ambit emerge 
decent| y joyning the Papers together (which practice it ſelf vil 
teach). Thirdly, But if you can neither have acceſs to theſe oui. 
er parts of the Area, viz. to the Points Z, Y, X, Sc. then 
you muſt find them from two Stations, and then Ichnograph, 
cally plot down on the Paper, the Portion Z. P, after the tame 
way which we have taught in Probl. 15. from Fig. LXVIII. 
Likewiſe lay down the other Portions PO M L K, Gc. one 
at a time from two other Station:: And, laſtly, connect al 
thele parts together; which Connection will be very much 
helped, if at every two Stations you make an Obſervation to. 
wards the two fame Places that are far enough diſtant from one 
another (e.g. in Cities chooſe hilly Places, and ſuch as may be 
ſeen from any Place) and in the correcting Places, the deter. 
minate Points of theſe every where one upon another. 


Dblerv 
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9. Having the Ichnography of a Plane, &c. laid down on Por 
from ſome Geometrical Scale, to lay it down in the Field in iu jif 
Proportion, which they commonly call the marking out a Ground Ply, 


This Operation is the Reverſe of that which we have taught 


11 Prob. 2. of the preſent Article, viz. if v. g. the [chnography hee 
of ſome Forti fication, being delineated on Paper in a true pro- * 5 
portion of the Lines, taken in ſmall parts from a Geometrical , ef 
Scale, was given to be mark'd out in its true correſponding 0 ff 
Meaſures (Fig. LXXIX.) fix the Table, to which the little * 
Ichnographical Figure ought firmly to be paſted in the midde Ll? * 
of the Field near o. Then levelling the Sights along the Lie "hg f 
4, bid ſome Body go at a ſufficient diſtance with a Staff, ad Wl . 4 
let him ſtick it in the Ground, ſo that it may ſtand in the ſame 11. 
I ine with o and a, which he may eaſily do, if you make Signs i nch 
to him to turn to the Right Hand, or the Left, Gc. as we hare "Ia 
already taught. Afterwards, as many parts of the Scale as theLn Bn an. 
o a contains, ſo many Perches or Feet meaſure from o to A, uns, n 
in that placeſer up a Stick: And after the ſame way find ih * n 
Points B. C, Ge. and thus the whole Ichnography, expreſd fthep 


on the Paper in ſmall Meaſures, will be delineated in the Field 
in its true correſpondent Meaſures of Perches, Feet, &c. Bit 
there are ſeveral other ways of doing this, which might be ber 
mention d, if we deſign'd in this place to mark out the Gon 
in 


ut theſe things ſhall more fitly be taught in Military Archite 
ture, or Fortification. | 


10. To Plot down the Icbnograpby of any large Country upon 4 
age Paper or Table, from a Geometrical Scale. . 


Tis almoſt impoſſible to teach this in Words, without being 
ew id the Manner of it in the Field: But this we will ſay in 
ort, that that Method is the moſt eaſy, which we have given 
n Probl. 1 5. Artic . in determining the angular, or any o- 
her middle Points (as in the Caſe of Probl. 15. Artic. I. ig. 
XVIII.) of an Area, viz. at every two Stations making an 
Dbſervation to every particular place that is conſpicuous, and 
arking the Interſections of the Lines taken by theſe Obſerva- 
ons But if you would more accurately plot down the chief 
laces of ſome great Province or Country by ſuch Interſect ions, 
nde by taking two Stations; thoſe two Stations ought to be 

lo at a great diſtance, e. g. two Hills, or two Towers of 
vo ſeveral Towns, which may be ſeen from one another; 
nd alſo both in ſuch an advantagious Poſition, that from 
ach of them the chief Places of the Country may be ſeen; 
nd alſo the diſtance between theſe two Stations ought 
o be firſt to be known by Probl. 1 4. Artic. I. and Fig, LXVIL 
ut if it happen that ſome of the chief places can't be ſeen from 


yy oth, or from neither of the Stations, being obſcured by the 
ne re poſition of a Wood or Hill, or ſome mountainous place, 
een you muſt make a great Smoak to ariſe in the Day time, 


rin the Night ſome fort of a Fire, as ſend up a Rocket in a- 
j of them, or at different Intervals of Time, that ſo the Ta- 
e inthe mean While may be moved from one Station to the 
ner; and if two Stations are not enough, more may be cho 
n, and the Parts of the Country obſerv'd from any two Stati- 
"ns, mult be decently connected with the Parts obferv'd 
'o any other two Stations, according to Numb. 3. Probl. VIII. 
the preſent Artie. II. | | 
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Ines of Places to be fortified from their Ichnographical Plan, 
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1 I. Is there not ſemetbing elſe to be note a 
ws? ſomething elſe to be * about the Compus 


Nothing at all ; only we may here explain 
diſtinctly, that which we only binted by — * — * 
3. at the beginning of this Article, viz. that having Pot 
down the Ares on Paper, in ſmall Meaſures taken from 1800 
by the help of the plain Table, you may very eaſily ref 
them into Triangles at Home; and then by meaſuring * 
the ſame Scale, their Baſes and Perpendiculars, you may wo 
the Computation of their Areas: But this way of finding be 
Content of the Areas may be obtain d much more exactly, i 
you reſolve them into Triangles while you are in the Field 5 
then take their Baſes and Perpendiculars in their true Mæiſ 
of Perches, Se. but you need not ſtand to calculate the whl 
Work in the Field, which may be done much more convenient 
ly at Home; only ſet down the Number of Perches and fer 
that every Line, requiſite to the Work, contains. 


12. Alths thi be the moſt accurate way of finding the Content 


Areas, yet I deſire you to add, in thus place, one or two & 
can do it readily) like that which bath = taught in l * T 
II. Probl. 24. „„ EY ; bem 

| Thee yet remain two ſuch mechanical Ways, by which rec; 
ny lchnography being plotted down on Paper in ſmall Meaſate, that 
may be nearly computed, not by equipoiſing it with little ſquar ar. 
perches and their Parts, cut out of the ſame piece of Paper, and Field 
all of them being taken of an equal bigneſs (which Method wi ſeen 
taught above in Probl. 24. Artic. II. Set I.) but by laying ſuch Wit 
little Squares upon the Ichnographical Figure till it be era altes 
cover d; one of which Ways was invented by B. Preton, the my 
other by B. Swenter. The former is done by cutting out fer. then 
ral little Paper Squares, 'or Rectangles made by the fame Seal gle « 
wih which the Plot was: But in that Way which was done alter 
by weighing the Figure in one Scale, and equipoiſing it wit Mica 
ſuch little Squares, the Paper muſt be cut out all from the lan but! 
Sheet, (which in this place need not be dune) four of which Fi then 
ures, expreſs'd in Fig. LXXX, and LXXXI. under differen! 80 


engiþ and breadth, but yet ſo that their Sides multiply d in 
- 0 
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ane another do produce the Area 200 ſquare Perches, which 
at Norimberg are equal to an Acre, e. g. taking the breadth ro, 
or the length 20 ; or that 12 4 and this 16, (as in Fig, LXXX. 
or the breadth 8, and the length 25; or that 5 and this 40, 


(as may be ſeen in Fg. LXXXI, Theſe Squares or Rectangles 


may be made of different Sizes, ſome of them double, triple, 
quadruple, &c. of one another, and ſo kept whole: Some of 
them alſo may be divided, each into Halfs, Quarters, Eights, 
Ge. by a continual Biflection ; and others into Parallelograms, 
Triangles ; that ſo we may have the Parts of an Acre in diffe- 
rent Figures, with which the Ichnography, already found, may 
be cover d, and all the Angles in its Ambit fill d as near as can 
be ; eſtimating alſo thoſe little Spaces that remain, and that can- 
not be titted with the Figures. Prætortus thinks that this way 
of computing Areas, by laying ſuch ſmall Squares (repreſenting 
ſo many Acres) and their Parts upon the Ichnography, till it 
be exactly cover'd, and afterwards finding every one of rheir 
ſuperticial Contents (which is ſomething laborious) ought not 
to be deſpiſed. LO, 

13. Which # the other Way which B. Swenter uſed ? 

This learned Man affirms, that he hath found this Way to 
be more exact than the Arithmetical Way of computing the 4. 
res; I mean the Areas expreſs d by a ſmall Ichnography ; For 
that Arithmetical Supputation which is made by "Triangles, or 
rather their Baſes and Perpendiculars being meaſured in the 
Field it ſelf with a 10 Foot Rod or Perch, he deſervedly e- 
ſteemeth as the beſt Way of all. His Way is thus; Firft, 
With Pretorius, he ſuppoſeth the Ichnography of the Area to be 


* 


already taken from a Scale, with the greateſt exactneſs. Se- 


condy, About this Figure he circumſcribes a Rectangle, and 


then from another piece of Paper he cuts out another Rectan- 


gle equal to the former, Gc. arithmetically computeth its Ares 
after the uſual way. Thirdy, From this ſeparate parallelogra- 
mical Figure, he cuts off, firſt, a pretty large Parallelogram, 
but ſuch an one that the propoſed Ichnography can contain; 


then by degrees leſſer and narrower ones, till they are as near 
as can be equal to, and have cover'd the whole Draught, even 
to the extreme Points of the Angles. Fourthb and /aſtly, If ou 
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o find 


find the ſuperficial Content of the remaining Parallelogran I of x 
gure (eſtimating as well as you can the ſaid angular Points, uy bo 

| ſubtraQting them from this) and take it from the reCtanguy Nh 
Figure, deſcrib'd in Numb. 2. the Remainder will give, exad Ml Fi 
enough, the Area of the propoſed Draught or Plot. Marble 
Dimen 
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I. Tebis, I. ſuppoſe, you mean theſe Geometrical Precepts that at 
deliver d in Sect. I. Artic. Ill. but as they are apph in 
Material Things ? = 


You have gueſs'd right : For ia the 3d. Article we only taught 
the Way of Meaſuring and Computing the Solidities of the 
Mathematical Bodies conſider d abſtractly, without having fe- 
gard to the Matter of which they are .compoſed : But in the 
preſent Article we ſhall apply thoſe Rules to Bodies, whether 
regularly or irregularly ſhaped, that conſiſt of ſome certain 
phy ſical Matter; and not only eſtimate their Capacities (it they 
are hollow) or Solidities (if wholly ſolid) in Geometrical Mes- 
ſures ; (e. g. Cubick Perches, Cubick Feet, ©. as we hare 
done there) but alſo in their common Meaſures, e. g- Pintz, 
Quarts, Gallons, Oc. if they be Liquids; Pecks, Buſhel, 
Quarters, Oc. if they are Dry Commodities, as Corn and the 
ike ; Grains, Scruples, Drachms, Qunces, Pounds, Hun- 
dreds, Oc. in things fold by Weight. 


| 2. Shew me this Difference in ſome Examples. 


In Article III Sed. I. Probl. 7. we have taught you to com- 
pute the Solidity of a Cube, whoſe Side was 3 Foot; and of 4 
Parallelopipedon, whoſe Breadth was 2 Foot, its Length 5 


Foot, and ics Height 3, having no regard to the various Mat 
SE | ter 
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. of which they might have been compoſed, but only eſtimar- 
lrg both cheir Magnitudes in Cubick Meaſures ; the firſt of 
ul which we found to contain 27, and the Parallelopipid 30 Cu- 
Ar Wick Feet. Now ler us ſuppoſe the ſame Cube to be made of 


Marble, and the Parallelopipid of Wood, and both of the ſame 
Dimenlions as before“: It will not be enough for us to expreſs 
their Magnitudes in the above-mention'd Numbers of Cubick 
Feet, but we have a deſire to find out both their Weights, e- 
ſpecially ſince, becauſe of their Magnitude and great Weight 
hey can't be try'd in a Ballance; and alſo, becauſe tis pleaſant 
o find both their Weights by Calculation alone, without the 
help of the Ballarice. To do which, Fi, with the greateſt 
exactneſs, make a little Cube out of the ſame piece of Marble, 
and another equal ta it in bulk, out of the fame piece of Wood, 
ich of an Inch every way, and take both their Weights in a 
ice pair of Scales, in which ſuppoſe, for Calculation fake, we 


ooden one to weigh but one half Ounce: Since therefore one 
ubick Foot contains 1000 little Geometrical Cubes, each of 
phich is the Tenth of a Foot every way, the Marble Cube, 
hole Side is a Foot, will weigh ioc Quarters of a Pound, 
xr 8000 Half Ounces, and the wooden one will weigh but 


Ts | | 

the odo Half Ounces, (b. e. taking 3 2 Half Ounces for one 
her ound) the former 2 50, the latter 31 4 Pounds. But becauſe 
an be whole Marble Cube contain d 27, and the wooden Paral - 


lopipedon 3 0 ſuch cubical Feet; multiply the Weights of the 
ttle ones juſt now found, the former by 25, the latter by 30. 


oy 250 too) 6750 (67 Cen. and 50 5. 
4 27 600 
the #759 _ 
un- ons 700 
6750 , 50 
414 | 4 
3 | 
M- 5 
fa ah” 2 15 
5 9.37 » or 9 Cem. 375 ib. 
tef Whanch 
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ad found the Marble Cube to weigh 8 half Ounces, and the 
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Whence it is manifeſt, that the Weight of the former vil 
67 Hundred and 5- ib. the latter 9 Cent. 37 2 th. 

3. Give me alſo an Example for the meaſur ing of the Capacity 
of Veſſels, according to the uſual Meaſure 'of Liquids. | 


Suppoſe, e. g. a quadrangular Conduit, or Fountain, whi 
Length is 6, its Breadth 4, and the Depth of the Water ny 
quite touching the Brim, 3 Foot: Multiply theſe by one an 
ther, and the Product will be 72 cubick Feet, h. e. (ſincea 
dick Foot contains 1 000 cubick decimal Inches) 720 li 
cubick Inches, h. e (becauſe ſuch a Cube, whoſe Side is an [nd 
contains alſo a thouſand cubical Lines ) 72000000 little ling 
Cubes. To change theſe geometrical Meaſures into the co 
mon Meafure of Liquids, pour into a ſmall Veſſel, made lh 
wiſe in the form of a quadrangular Parallelopipid, one Ma 
ſure or Pint of Water; then by the help of the ſame Rod, vl 
which the Capacity of the Fountain was meaſured {which Ri 
was divided into Feet, Inches and Decimals of an Inch) u 
the Length, Breadth and Depth of this quadrangular Veſſel, 
the Water contain'd in it, which Length is ſuppoſed here to l 
48 Lines, its Breadth 25, and its Depth 2.2 ; multiply the 
Numbers by one another, the Product will be 3 5904 little 
near or decimal Cubes : Therefore as often as this Number“ 
little linear Cubes is contain d in the above written Numde 
72,000000 of ſuch little Cubes, which is the whole Content 
the Conduit, ſo many Meaſures or Pints of Water will th 
Fountain contain, viz. (having divided this greater Number 
the leſſer) the Quotient will be 2005 Pints, and $5535, thi 
is a little leſs than 3 of a Pint; or (if you would expreſs it 
greater Meaſures, v. g. Gallons) 250 Gallons, 5 Pints, and; 
part of a Pint. 1 


4. By thu Way we may reduce to common Meaſures the Capin 
oof vaſt Ciſterns and Hog ſheads, &c. 


Without doubt; and of this kind we may give a very 5 
table Example, viz. of the Octangular Ciſtern, that ſtands 
the publick Market-place of Alrorf, hewn out of one entit 

Stone; to compute the Capacity of which in the common 4n 
pbora's uſed there, firſt of all find, by the following Rules, . 
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zpacity of the Amphora, which is made of Copper and kept 
1 publick Place | as the Standards of our Meaſures bere in Eng- 
ind, are kept in Guild-Hall in London.] This Amphora is made 
the form of a Truncated Cone, or Curti-Cone, the Diameter of 
phoſe inferiour Baſe contains 1 Foot 82, 3. e. 182 Lines of their 
od, divided decimally into Feet, Inches and Lines, the 

er Baſe 159 Lines: Firſt, Therefore find the Circumferences 
if both theſe Baſes, and then their Areas, working by Archimi- 


he Diameter, #. e. by 45 7 ; that ſo you may have the lower 

ircular Area 26026 U Lines. Likewiſe for the upper, As 7: 

022:: ſo is the Diameter 159 : to the Circumference 4.99+ 

hat is in a round Number 500 ; multiply alſo this Circumfe- 

ence by of the Diameter, 5.e. by 39 4; and it will give 

19875 Q Lines for the upper Area. Secondly, Joyn theſe two 
5 | | 19875 

yes into one 8su m — — — 26026 

and Divide this Sum — —— — — — 45901 Q lines 

by 2, and you will have the equated | 

r mean Area = — 22950 


3) Multiply this Area by the Depth 200. 
of the Amphora 109 Lines 206550 
2297 | 


and you will have the whole Capacity 25015 50 Linear Cubes. 


5. Now then let us compute the Capacity of the Ciſtern, andgreduce 
it to the common Meaſure of the Amphora. PIs 
Fiſt, Suppoſe the Side A B (Fig. LXXXII. Numb. 2.) to be 
J. 85; then if you multiply this by 8, the inner Circumference 
of the whole Octagon will be 4680. The Perpendicular C E 
vill be found, by meaſuring the Diſtance B D 1425 Decimal 


Inches, to be 7121; multiply therefore the Half of this, iz. 


356 into the whole Ambit, and the Product 1666080 U 
will be the Area of the whole Octangle; which alſo being mul- 


Whole Content of the Ciſtern: But the Stone Column which 


13 Rules, thus, As 7: to 22 ::18 182: to 572 the Circum- 
zrence ; alſo multiply this Circumference by a fourth part of 


tiply'd by the Depth of the Ciſtern, even to the upper Surface 
of the Water, 64.5 Lines it will produce 1074621600, the 


ſtands 


18 136% 
l } 
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Sum. Secondly, The Side of this Column « b 85 Lines mul 


you may take the round Number 4.6: Multiply therefore iq 
Circumference of the Column 680, 1 and you will han 
| | . | 


ſtern by the Content of the Amphora (vis. 10544400 h 


of 5 to 22, and it will be found very near 75 lines. Second, 


ſtands in the middle of the Ciſtern mult be ſubrraQted from th 
N 


| 1 
ly'd by 8, gives its Circumference 680. The Perpenda 
r (F (viz. by ſubtracting the Diſtance E F 621 from t 
Perpendicular CE 712) will be 91, and its half 45 1 forwhid 


the Ares of the Baſeof the Column 31280 Q Lines; this 
multiply'd by 645 the whole height of the Ciſten 
gives 20175600 little linear Cubes for the Solidity of tþ 
Whole Column, then ſubtract this includ 
1074621600 Column from the Capacity of the whik 
20175600 _ the — A Content of 
"20644446000 the Ciltern, excluding the Column. Th 
. eee laſtly, If you divide this Capacity of the Gi 


2505510) the Quotient will give nearly 423, the Number 
of . of Water — in the Cllern. 


6. Now let 1 ty the ſame thing in ſome ſmall Veſſel 
Suppoſe then that it was a Cylindrical Glaſs, whoſe Diab 


777 — 


ter is 4b 24 lines; alſo its depth de 18 lines. Firſt, By the 


Diameter find the Circumference, working by the Proportin 
@ | | 777 AE 


hereft 
oth, 
Ile be 


3 bread 


Multiply this by a fourth part of the Diameter, b. e. by 6, and 
| "mo + | 


it will give 430 O lines: Thecircular Ares, which if the Gui 
e „ 
be cylindrical, muſt be multiply'd by the whole height 1 8 lines; 
but if it be conical, by a third part of this height, viz by 63 b. 
U 


that in the former the ProduR will be 7740 linear Cubes ; in 


777 


the latter 2580, which will fill each Veſſel up to the Brio 


Third), 
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ty, Now if you divide the Capacity of an Amphore, found 
Probl. 3. by 63» the 3 will give the Capacity of one 


aſure or Cantharus 3 9087 little Cubes, which f ſince tis 
ore than the real Capacity of the Cone) being divided by the 
pacities of thoſe leſſer Veſlels, will give the Quotients 5+ and 
> or there abouts z from whence tis plain that 1 Cantharus 


Wine will fill five ſuch Cylindrical Veſſels, and 15 ſuch Co- 
| al Ones. | : | 


7. I there not alſo a Way to calculate the Solid Content of Stocks 
pod d | 

The common way of piling Wood about 4ltorf in Gema, 
to erect the Sticks perpendicularly, in the form of a quadran- 
ur Parallelopipid, Which is RR meaſured by Fathome : 
be depth of theſe Parallelopipids, which is various, aecordin 
he length of the Sticks, iz neglected, the length and bread 
Ing only taken notice of, Now ſince the lengths of the Fa- 
om in ſome Places are 6, in ſome Places 5 Foot and — 
ore, tis plain that the ſquare Fathorns do alſo differ in magn 
de, and that alſo in ſome places they are not exactly ſquare z 
r in Af they uſe a 1 Fathom, but one (ide is 
"ger than the other, vix+ the height being five of the larger 
It of Noremberg Feet, and its _ $ Foot and two Inches, 
herefore where the Fathom is 6 Foot in height and alſo in 
pth, it will contain an Area of 36 ſquare Feet; ſo that if a 
ile be given to be computed, whoſe length is 4.23 Foot, and 
$ breadth or height 10, theſe multiply d into one another, 
ake 425 ſquare Feet, which being divided by 36, gives 1x 
athom and alſo 4 : But if the Area of this Pile be divided by 
he common Meaſure uſed at Alrorf ( ſince 5 Foot multiply'd 
to 5 Foot 2 Inches, 3. e. 60 Inches into 62, make 3720 U 
nches for one Fathom ; alſo 425 U Foot multiply d by 144, 
nake 61200 Q Foot for the Ares of the Pile) the Product 
jill be 16 Fathom, and a little above 2, (ſee Fig. LXXXIII.) 


$. 1 
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8. Is there not alſo an eaſy' and compendiow Way of mug 
Heaps of Corn? „ 
There is ſo; and not only to expreſs their Magnitude | 
Geometrical Meaſures, but alſo in the common ones of Buſhs 
Quarters, G. and that by the following Rule: The Heap 
Corn are very fitly form'd in the ſhape of a ſolid 'Trapeziug 
4. 6. a rectangular Figure, whoſe upper Ares «bed ( 
LXXXIV.) is made leſſer than the lower A B CD, becuj 
the Grains of Corn are apt to roll down. Let us ſuppoſe the 
* 


the length « b of the upper Baſe of the Heap to be 19 Fur 
" 


177 777 70 


© Inches and 2 Lines; 5s. e. 1902 Lines the Breadth be 841 
= a Gli 


or 843 Lines; Firſt, By multiplying the whole Length into it 
why Breadth, the Area of 3 Baſe 1 ed will 
1603386 Q Lines, Likewiſe, Secondh, if the Length {| 
(which ſuppoſe to be 2136 Lines, and the Breadth BC yg! 
Lines) be multiply d into one another; you will have the 
wer Area AB CD 2076192. Thirdly, Add theſe two4 
rea: into one Sum 3679578, and its Half 1839789 will 
the equated Area, which being, Fourthly, multiply'd by thepr 
pendicular Height ef of the Heap (which imagine to be 2 Fat 
| MI -. | 

and 5 Inches, or 250 Lines) preduceth 459947250 the Ca 

tent of the whole Heap in linear Cubes. 


= . 
9. But how are theſe geomerrical Meaſures reduced to the comm 
ones 2 : | 


This may be done if the Capacity of a Buſhel, or any ate 
Meaſure uſed in the meaſuring of Corn, be once determin( 
in ſuch geometrical linear Cubes, and afterwards by this Nut 
ber (which ought to be kept diſtinct by it ſelf for certain llſs 
divide the Number of little Cubes contain'd in the Corn heap 
e. g. If you ſuppoſe the Buſhel to be of a Cylindrical form 

- Whoſe Diameter is 23 Foot, or 250 Lines. Firft, Square ili 
Number, viz. 62500 O Lines: Secondly, Work by the Gol 


den Rule; as 14: to 11 :: fo U of the Diameter 62500 fl 
| | | the 
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nelly de 


hrs of its circular Baſe z this will produce 49 107. Third- 


te $ Inches or 80 Lines) the Product will be 3928560, 
whole Capacity of the Buſhel in geometrical linear Cubes. 
by, If by this Product you divide 4599472 30, the Num- 
of little Cubes found in the preceedent Problem to be con- 


e 117 Buſhels, 8 of which make a Quarter. 


metrical Meaſures, has been ſhewn above in Sect. I. Artic, III. 
obl, 12. I defire 0 know bow that Computation may be apph'd 40 
men Meaſures, © g. of Weight? „ | 


Globe, and faund it to contain 905 Cubick Feet (ſup- 
geit to be of Wood) and that you were , requir d to find 


b 4 mike a Cube out of the ſame fort. of Wood, \ whoſe Side let 
0% Foot; and to take its Weight exactly in a Scale, and af - 
be M vards multiply this Weight by 9055, the Number of Cu- 


e, which is found to contain 1200 Cubic 


d find its Capacity in ſuch linear Cubes, which let us ſuppoſe 
ooo; then by this Number divide that former, the Quoti- 


ding to our ſuppoſed Numbers). 


11. But can't the Dimenſion of Spheres be perform d yet more com- 
diauſſy by the belp of 4 peculiar Rod, invented purpoſely for this 


It may ſo, and indeed very compendiouſly, eſpeciall y-in Gun» 
ry, where they uſe a certain Rod, by which this may be 
Ine without a laborious Calculation: Now the whole Bulineſs 


vefly depends on the contrivaace of the Rod; for the Appli- 
| | Os cation 


Of GEOMETRY, uy 


ln the above mention'd Problem, we computed the Solidity 


Multiply this by the Height of the Buſhel (which ſuppoſe 


1'd in the Heap of Corn; the Quote of the Diviſion will 


10. The manner of Computing the Solidity of a Globe or Sphere, in 


- 


ir Weight, the moſt. compendious way to pertorm this, is 


k Feet, Suppaſe a leſſer Cube was given, e. g. a Metalline 
| k Inches, r 
ooooo linear Cubes, and its Weight was required; of the 
ve Metal make a Cylinder or Parallelopipid, exactly of a 
und weight (which may very eaſily be done, if from ſuck a a 
ſlinder or Parallelopipid, which is ſomething too heavy, you 
away ſome of the Metal, till it does preciſely weigh 1 tb) 


t will give 20 tb, the Weight of the given Globe (viz. ac- 
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cation and Uſe of it is very eaſy : For if this Rod or Scale h 
apply'd to the middle of the Orifice,or Bore of a Cannon or 
having taken the Diameter of the Globe or Sphere with joy 
Callipers, apply it to the Rod, and in one of its Sides yy 
will have the Weight of the Ball or Shot expreſsd The 
| Rods are commonly quadrangular, and on one of their Sides 
ſet down the Diameters of Leaden, on another the Diameten 
of Stone, on the third of Iron, and on the fourth of Metallic 
Globes with their correſponding Weights written under then, 


I 2. But how are theſe Rods made ? 


Firſt, Out of each of theſe Subſtances make a Globe or Bll 
weighing _— 1 15; and taking their Diameters, trans: 

them into the four Sides of the Rods; and to each of then 
write Unity; and at the top of the Rod mark, at leaſt, the fil 
Letters, expreſſing the Matter of which the Globe conliſt; 
as LEAD, STONE, IRON, G.. - Let each of theſe Di. 
meters be exactly divided into 1000 equal Parts, after the ſime 
manner as the Geometrick Scale is made; then by the help f 
ſuch a Diagonal Scale and the following Table, let there be 
placed upon the proper Sides of the Rod 12.59 for the Diane 
ter of a Globe of 2 tb weight, 1442 for one of 3 1h weight, 
Ge. which Numbers are found by a continual Extraction c the 
Cubick Roots; firſt out of 100000000 (the Root of which 
Number is the Diameter of a Globe of 1 1b divided into 1000 
equal Parts) then out of 2000000000, 3000000000, &. 


4 TABLE 
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ll b | 1 

5 q TABLE of Roots for the Diameters of Sphere. That of 1t5 0 KH] 

Jour weight, being divided into a thouſand equal Parts. [| } 

15 Fb Diam [th Diam | Oiam. IB Diam. 15 Diam. | "0 

des b 1 |1000/t1[2223/21|2758]311314114113448] . 4 

beten 2 |1259|12[2289|22i12802\32|3174|4213476 ö i 

- 3 |1442113/2351[23|2844135 3207]43[359} 1 
8 4 |1587|14|2410|28|2884 3432390443120 Wh 

[5 11709:1512466|25[2924(35|327114513556 0 

Ball 6 |1817)16|2519]26j2962|36|3301|46|3583| 

ngfe - \1812[17]2571|27|3000|37|3332|47|3630 

then |[2000|18|2620|2 303603 3361 4. 3134 

in BY [2 2o8o[19 26681 2913072|39]3391}49 3659 

Di 10021 22971420121 34083 

w f any deſire that this Table ſhould be larger, they may find 

e hin [Stereomerria Nova Job. Hartmanni Beyeri, M. D Francef. 


M 216.] In the mean time you may know from this Por- 
on of it, that 8 15 anſwers to 2000, the Diameter of 1 th 


Fthe oubled, as being the Cube of 2: Too the tripled Diameter 
hick ooo, 27 tb anſwers, being the Cube of 3, Ge. According 
ooo che laſt Prop. of Lib. XII. of Euclid; Globes are to one another 


the Cubes of their Diameters, 


1}. J deſire you to teach me this one thing; How is the Diame« 
of Leaden Ball of 1b weight, which is but very ſmall, di- 
aed into a thouſand equal Parts ? | | 


This indeed is very difficult, if not impoſſible, to be done; 
ther is there any need of doing it for this preſent Bulineſs, 
{ Becauſe ſuch a Scale wou'd be divided into exceeding ſmall 
as, which indeed can ſcarce be diſtinctly expreſs'd ; every 
de of thoſe Diameters, which the preceeding Table repreſents, 
lay in a due proportion be had by the help of another larger 
ale, which can diſtia&ly expreſs thouſanths parts and farther, 
7. by the ſame Artifice which was made uſe of above in Sed. 
+ Artie, J. Probl. 24. Fige XVI. 0 | 

; —_ 14. Shew 


cConſequently give a leſſer Product; which being ſubtracted ro 
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4. Shew me ſome general and eaſy ways to calculate Geomuy; 


cally the ſolid Content of any Body whatever, whether Regular r h 
regular e 


There are ſome Bodies which can neither be call'd Geome 
trical nor Regular ones, whoſe Dimenſions may nevertheleſih 
calculated: and found out by the Geometrical Rules (which vil 
extend to every thing that is not actually immenſe ; ſuch ar 
e. g. the Statues of Men, or the Images of other Animals, ny 
ſeveral other artificial Bodies, e. g the Wheels of Charo 
Ploughs, Shoes, the ſhapeleſs Fragments of Stones and Roch, 
to reduce which to their Meaſures by the common Rules way} 
be very difficult, yet the Dimenſions of all theſe, and alſo 
any regular Bodies whatever, that are not too large, be comps 
hended in one general and eaſy Rule by the following Meth 
Prepare a Veſſel in the form of a Parallelopipid, or you ny 
make ſeveral of this Figure, of different Magnitudes, forth 
various ſizes of the Bodies to be meaſured, and pour Water u 
fine clean Sand, or any other fine Powder upon it, till it þ 
quite cover d; continue pouring in till the Surface of the Sin 
be truly horizontal; then meaſure exactly, in Feet, Inchesan 
Lines the Length and Breadth of the Veſſel; or, which is b. 
ter, of the Water, Ge. contain d within it, and multiply then 
by one another, for the upper Ares covering the Body; ab 
with the ſame Ruler or Rod meaſure the Depth of the Flu 
and by it multiply the above mention d Area, this Product ni 
be the folid Content and Dimenſion of the whole, compound 
of the fluid and the immerſed Body: Then take the Body at 
of the Veſſel and level the Fluid, and then multiply the fornt 
Area by its preſent Depth, which being evidently leflen'd, vi 


ehe firſt greater one, the Remainder will give the Magnin 
and Dimeniions of the immerſed Body, in the afore-mennond 
Geometrical or Decimal Meaſures. 


15. And have you now compleated the chief Heads of Praftics 
Applicate Geometry ? | : 1 
There remains yet one thing, which is worth our taking ! 
tice of, being very uſeful and neoeſſary in nn. uy | 
| | | | I racily 
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fading, vi the Menſuration of Veſſels, call'd Gauging, which 
= mputes the Capacities of full or empty Veſſels, in the uſual 
-afures of Gallons, Quarts, Pints Oe. To take the Dimen- 
ons of Veſſels, there are found out three Ways; one is per- 
eon md by the help of a common Rod or Rule, divided deci- 
jlly into Feet, Inches and Lines, which therefore is very eaſy 
be made; this is the exacteſt way of the three 3 but the Cal» 
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ch vo lations uſed in it are ſome what laborious: The ſecond is done 
„ in ichour any Calculation at all, only by application of a Rule h 
atio Rod, which Rod is much more troubleſome to be made, and 4 


the uſe of it, you muſt ſuppoſe the Cooper to have been 
val exact in making the Veſſels; which often deceives the 
auger, and therefore this Way is uncertain ; ſo that tis uſed 
mp in meaſuring Beer and other cheap Liquors, in which, 


eo you commit ſome ſenſible Error, tis no great matter. The 
uiid Way, or rather a Mean between theſe two, is that which 
for ue done by a leſs Calculation than that uſed in the firſt Method, 
ater und by a Rod which may be made with leſs trouble than that 


kd in the ſecond ; This Way is alſo much more exact than the 
cond, and therefore in common Practice is uſed before any 


ther, | 
16, Teach me theſe ehree Ways of Gauging, as alſo how to male 
va; proper for each & them. | 


The firſt Way requires only a plain Rod divided decimally, 
g. into 4 or 5 Foot, every one of which comprehends 10 


und ipits or Inches, every Inch 10 Lines, and therefore the whole 
dj odd contains 400 or 500 Lines. It is juſt ſuch a Rod as 
form Fas fo often made uſe of in the former Problems, which has 
, bis to recommend it above the others, that tis a proper In- 


Irument for the meaſuring. the Capacities and ſolid Content of 
ll other Bodies; whereas the Uſe of the other two is only for 
he meaſuring of Veſſels. Therefore to find the Capacity of a 
ropoſed Veſſel, reduce its irregular Shape to the form of a 
Minder, and compute it as a Cylinder; which may be done 
the following Rule; Fir, Meaſure the Diameter of the 
? " | | _w_ 
bottom (v. g. BC 162 Lines; ſee Fig. LXXXV. ) and find 
i Arca by Prob]. 23. Numb. 4. Seb. I. Artic. Il. which _ 
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be 206207 ſquare Lines. Likewiſe find the 4 ; 
„ „ 1 
the middle Diameter LF 212 , which will be 35313 
Secondly, Add theſe two Areas into one Sum, and its Hy 
27966+ is the equated Area of a Cylinder, which will be eu erm 
to the given Veſſel. Thirdh, Take the internal Length of th 
Veſſel, b e. of this Cylinder (which may very eaſily be dom 
in an empty Veſſel, viz. by putting the Rod in at the Bun. 
hole H at the top, till it touch the bottom perpendicularly in) 
| 5 Ft | | 

which Length ſuppoſe to be 398 Lines, multiply this by s 0 
equated Area, or Baſe of the Cylinder 279665, the Produt 
will be 11130752 linear Cubes, which is the whole Capi 
of a Cylinder equal to the Veſſel. Laſtly, Divide this Nun. 
er by the Number of ſuch Cubes, which (above in Pra; nin 
of the preſent Article) we have found to be contain d in an 45 
phora,viz. by the N. 2501550, the Quotient will be 4 4njr 
IT24552 


of one Amphora, i. e. cutting off the li 
2501550 | 


14s With 


Figures, very near — z Or ſomething leſs than 2 an Amin 
re (the Amphora was found above to contain 2.501 550 lin” 35 
Cubes) if you wou d expreſs this Remainder 11 24.5 52 mor 
exactly, by the Cantharus divide it by 39087 little Cubs 
found in Probl. 6. of this Article to be the Content of one Ca- 

tharus, the Quote will be very near 29 Canthari, 


17. But there is this Doubt ſtill remaining, How the Intemi eot 
| Length of a Veſſel can be taken, when the Veſſel is not empy but d div 
Ful? „ | x 


This may be found with the greateſt exactneſs poſſible, u 

Fiſt, By meaſuring the whole external Length G D of i. Nu 
Nl 

Veſſel, which III ſuppoſe to be found 428 Lines. Seem 
From this Length ſubtract both Chines, or the Parts of it 
Veſſel reaching beyond the bottom, each of which ſuppoſet 
be 10 Lines, and alſo the thickneſs of both the Bottoms, both 
of which will at leaſt be equal alſo to 19 Lines; ſo that ug, In 


the whole Length mult be ſubtracted 30 Lines, there e 
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emal Length of the Veſſel will remain equal to 398 Lines. 


: in a word, tis impoſſible to obtain the greateſt exacrnels 
Applicate or Practical Geometry; therefore it is ſufficient to 


Area v 


zug. 
its Hal 


e equlcermine things as near as we can, ſo that we don't commit any 
1 of the eat Error. _— . 
* 18, Tach me nom the Second and more common way of Gauging 


ſels. | | v2 

This alſo being accommodated to Cylindrical Veſſels and 
ts or Tuns, reducible to Cylinders, requires a new ſort of a 
od; the Cylindrical, or Gauging-Rod, the making of which 
grounded on the following Rules: Fir, Reduce the Capa- 
y of one Cantharw, found above, to a Cylinder of any de- 


ly in]) 


by the 
rodut 
apacit 
Nun: 
all. z. 
an 42. 
Amphr 


the laf 


r of the Baſe to be 50 Lines, or 500 Scruples, b. e. half a 
ot; by help of which Diameter find the Periphery, and 
utiply it into a fourth part of the Diameter, and you will 
ze 19642 87 the Area of the Baſe of the aforefaid Cylinder. 
end, When we ſhall have divided the Capacity of a Cansha- 
„ which was found above in Probl. 5. of this Article. to con- 
n 39087000 Cubical Scruples ; the Quotient will give 199 
uples, for which (becauſe we took the Diviſor ſomething too 
pe, viz. 196429 for 1964285) we may ſafely take 200 
ruples for the Height of a Cylinder, containing a Cantharus; 
that by this means the Height will be two Inches, and the 
aſe five ſuch, Thirdly, Transfer this Height thus found into 
e of the ſides of the Rod, and repeat it as often as you can, 


insb 
liner 
mont 


Lubez 


e Cat 


tem 
phy but 
e preceedent Caſe are each of them exactly equal to 2 Lines; 
thus one Diviſion of the Rod will be finiſh'd, viz. in Long 
calure ; fo call'd, becauſe being graduated with their reſpec- 
e Numbers on this fide of the Rod they meaſure the Length 


e Ot 


of the 


uh the Veſſels, 
„ , 6 rhe aber Side divided? 
do Upon this Side, firſt of all, transfer the Diameter of the Cylin- 


cal Baſe for 1 Caneharus, which ſuppoſe to be 500 Scruples or 
o Lines; and afterwards find the Diameters of the Baſes of the 
7 inders, which having the ſame Height, ſhall contain 2, 3 Fa 


T3. | © 


from 
e the 


rerndl 


rminate Baſe equal to it; v. g. we have ſuppoſed the Diame- 


d divide every ſuch Diviſion into 10 equal Parts, which in 
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Ge. Canthari (which Meaſures, or Diſtinctions, are calld h 
the Depth Points, becauſe by them the Depth of the Veſſelm 
be taken in the middle, and alſo at either end) and ſet tic 
down in their order, beginning at the very end of the Ry 
"Theſe Diameters may be found two ways, one Arithmetig 
and the other Geometrical : The former is perform d by a 
tracring the Square Roots out of the Squares of the firſt Dj 
meter doubled, tripled, quadrupled, Gc. i. e. out of 500g 
750000, I1c00000, Ge. for the Diameters of 2, 3, 4 whi 
Meaſures: Likewiſe out of the 10th part of the brit Squy 
(viz 25000) for the Diameter of the 10th part of 1 Can 
rus, and out of 50000 for the Diameter c and put of 750 
for the Diameter 5, Ge. Likewiſe for the Diameter 1/ 
or 18, out of 275000 ; for the Diameter 1 5, or ++ ou 
| Zoo00O, Gc. by the help of which Extractions we have th 
following Table taken from another, alſo accommodated 
the firſt Diameter divided into 1000 Parts, (which wah 
done by Beyerus in Stereom. Nov. p. 177. for Integer Mealun 
and p. 187, for Decimal Parts) which Table is eaſily nut 
by the bare Biſſection of the Numbers in that. 


'4'T 4 BL 


GE OME 


Il'dby 
eſſel my 


TRY. 


A B 


Cantharus, and of the whole Meaſures. : 
or 
ler the Jures 211229113112783[21 3203 
8121229 
the Ro {7 506 11465 = | EE 8 nn 
1. „ 3249) 
2 22223455 
I by & 2 707]12,173222/23 oY Ss — 
— 9 866 30.802 23 2399332 87 +5 — 
| — — W- 6 
195 41000 14; 187012412449 — * e 
Ca 25 3 Oc: 3529584503354 
7500 $1118 5/1936/25/250- Bi as ee, 
ter 1; i call Bl 9300300046339 1 
aut 1234 16{2000 260254930 1 
— r 
DE 
Was ff Rd N 380308248 3464 
lealurs | 140801215 : 
" 1 2926929012243 500 
b . 71 905 19 217929 26921393 n ARR | 
A — 2162 013533] 
— 8[40/3 16215 222 
101581 22360300273 
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4 TABLE 


216 Of GEOMETRY. 


4 TABLE of Diameters for Whole Meaſures and their dy. 


eimal Parts, | 


54]. 158 _ 1 724[V. 1 2012 VI 11217 

2 223 2| 741 2] 1024 | - 2] 1244 
_3|. 271 3.83 1036 3 1254 
4,3140 4224. 4/1048 4 1264 
— I $7 

. IS. Gon 
. 821] 10844 7] 1294 
—: = v4 
. of reop]. of ugh 
ro] Foo] 10 866] 10 1118 100 1392 
[1 524/lll. 1 889V. 11 1129 VII. 1 1332 
— eee 
29. 2301172 4131 

4| 591] 4822 4 1162 4 1360 
eee 
6832 6] 948 TT... 1183 | 6 1378 

7| 652] 7962 7] 119g | | 1387 
8 671 = þ 975 = 1204 8 1396 | 
_9| 68g|___ 9 987]__ , 1214 — v| 1495 
10 507] | 101000] 10 1224 | 10l 1414 


; 


20. Teach me alſo he other Geometrical Way of finding theſe Di 


meter. i | 

This Way is more eaſy than the former, both for deter- 
mining the, Diameters of Whole Meaſures, and alſo their De- 
eimal Parts. For, Fir#, if at right Angles you place two 
right Lines 4 5 and be (Fig. LXXXVI ) equal to the Diame- 
ter of the firſt 5 0 Scruples, for one Meaſure or Cantbaru 
draw the Hypothenuſe «c, and it will immediately give 0 
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ond Diameter, for two Canthari, or Meaſures: And if you 
ke this ac in your Compaſles, and transfer it from þ to d, 
he Hypothenuſe 4 4 gives the Diameter of three Canthari, and 
on. Secondly, For the decimal Parts of each Cantharus (con- 
-nued on firſt to 10, as in the Figure) take the Diameter of 
he firſt Cantharus b e, and place it perpendicularly in B C, 
pon the Line a b, fo that it may touch the tenth tranſverſe. 
ine am; then tlie Diviſions of this B C, being transfer'd in- 

o the Liae b e, will give the Diameters anſwering to the tenths 

of one Cantharus. Thirdly, Likewiſe h d the Diameter of the 
ond Cantharus, or rather a part of it cd, lying above the 
Diameter of the firſt Cantharus b e, being placed in the ſame 
6C produced, till its extreme Point d touch the twentieth 
anſrerſe Line 4, it will be divided proportionally into its 
Jecimal Parts: And in like manner the decimal Diviſions of 
he other Spaces de, df, &c. may be found; tho' in Practice 
ti (uthcient, eſpecially in the laſt, where by degrees they 
eſſen, to divide them only into ten equal Parts, becauſe the In. 
quality of every particular Decimal, which in the three firſt 
Spaces cd. ed, and ef is perceptible, can't be diſtinguiſh'd in 
he following ones; as for Inſtance, between the Meaſures 
V. and V. in the laſt Table above, the Numbers of the Deci- 

al Parts, may be obſerved to increaſe by the Difference of 
2 Units; for which Reaſon alſo, we have thought it not pro- 
er to continue this Table any farther. Having thus deter- 
ined the Spaces with their Decimal Parts (whether ir be done 
rithmetically or Geometrically) if you transfer them decently. 
pon the other ſide of the Rod, and mark them with their pro- 
der Numbers, 10, 20, 30, Sc. you will alſo have the Breadth 
Points of choſe Meaſures, which are vulgarly call'd the Depth 
points German, Die Liefpuncen ; and thus we ſhew'd you 
he Way of taking the ſecond Rod, in German call'd Die Cy⸗ 
indꝛiſche Bieſtr-Ruthe. = | 


21. Teach me now, by Example, alſo the Uſe of this Red, 


We will keep to the Example of the Veſſel ſpoken of above, 
Fhoſe lowermoſt Bottom C B will give its Diameter upon the 
Rck-fide of the Rod, as it were 103 Cubical Canthari; and 
be middle one E F, 179; theſe two Numbers collected into 
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by this fide we meaſure ihe whole Length; and having fouy 


one Sum make 2.82 ; and half this Sum 141 will expreſ i 
equated Area or Baſe of a hallow Cylinder, which at the Heigh 
or Length of one ſingle Cantharus on the other fide of the Bai 
will contain 14x Tenth Parts of a Canebarus: Therefore 


it to be 199 Long Meaſures (or more properly Decimal Par; 
of ſuch Meaſures) multiply them by 141 Decimals of 1 ca. 
tharus, the Product will be 28059 hundredth parts of a can. 


ww ; Which therefore being divided by 1 co, i. e. cutting af 
the two 10 Figures, make 2.80 whole Caxthars, with 59 hu. box 
dredths of one Meaſure, or a little above half a Cantharu M Cy 
ſo theſe Canthari divided by 64, give 4 Amphora and 20 ins 
Canthari, and a little more: The Capacity of which Veſt) BM au: 
differing only by a few Canthari, is almoſt the fame with tum 
Which was found above, and is here perform'd by a Calculat WA £n: 
on much more eaſy. For (if we omit what was ſpoken fone II 
thing largely, that the Foundation of it might be underſtoi {AM Cr 
the whole Proceſs of this Practice conſiſts in the followngMN by 
Rules; Firſt, The Diameter of the the lowermoſt Baſe 10 oft 
is meaſured on that (ide of that Rod which we call the Dex: Squ 
Point Rod, of the middle Bottom 179, the Sum 282, ti i: i! 
Half of which gives the equated Diameter 1 4.1. Secondy, Ou Nur 
the other Face or Side of the Rod we meaſure the intemi Cyl 
Length of the Veſſel! 199 Parts, and by it multiply the eau BM ove: 
ed Diameter 141, and the Product will be 2 8959, from which dou 
having cut off the two laſt Figures, you will have left 2% and 
Canthari, i. e. dividing this Remainder by, Thirdly, 64, 4 Dia. 
pbori 14% Meaſures or Canthari. And 
22. Ion were ſpeaking above of a third ſert of Gauging-Ri 1 05 ; 
deſtre you to teach me the Way of making it, and alſo its Uſe. Rod 
As to the making this Rod, Fiſt, we muſt ſuppoſe that e ing 
very Veſſel is reducible to the form of a Cylinder, which vu drur 
alſo ſuppoſed in the former Rods. Secondly, That the bar ©c. 
Length of this Cylinder is uſually (at leaſt ought to be in te Dig 
preſent Caſe) double the equated Diameter, or Mean beten Dia 
CB and E F, . e. B D equal to DE, and fo the whole . ame 
linder equal to the Veſſel, is divided into two Cylinders, whot WW anot 
Diameters D B and G A are equal to their Heights or 7 lupp 


els the 
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DE and GE, i. e. they may be inſcribed in a Cube. Third, 
That the tranſverſe Diameters E B of ſuch Cylinders, or Cubes 
that may be circumſcrib d about them, may be taken 1 1 
Indexes of their Capacities, and therefore may give us the Di- 
yibons of the Cubimetrical Rod. ie. | 


23. Let _ ſuppoſe theſe things; and now ſhem me how the Di- 
viſiins may be put on the ſaid Rod. 


Firft, The Capacity of one Cantharus, which was found a- 
bove in Probl. 5. to be 39087 Linear Cubes; or 39087000 
Cubick Scruples, muſt be reduced to a Cylinder that may be 
inſcribed in a Cube, viz whoſe Height and alſo Diameter is e- 
qual to the fide of the Cube to be circumſcribd; which Side 
may be found, if by the Capacity of the given Cylinder, you 
fn1 the Capacity of the Cube to be circumſcribed 3 ſaying, As 
11: to 14 :: ſo is the Capacity of the given Cylinder of one 
Cantharus, 3 908700 to a fourth Number, 4.974.709: ; and 
by extracting ¶ $turmey bid you extract the Cube Root (R. C.) 
of that Number; whereas the Tranſlator bids. you extract the 
Square Root C.] the Cube Root of this fourth, 367, which 
s the Side AB of the circumſcribd Cube ( fee Fig. LXXXV. 
Numb. 2.) and alſo the Height or Length CD of the inſcrib'd 
Cylinder, and the Diameter of the Baſe DE. Secondly, More- 
over take the Sum of the Squares CD and DE, i. e. take 
double the Square of the Diameter D E 367 (viz. 269378) 
and extract its ſquare Root 5 19, and it will give the tranſverſe 
Diameter E C of a Cylinder containing one Cantharu.. Thirdly, 
And this Diameter of the Cube, or tranſverſe Diameter of the 
Cylinder, being taken from the Geometrical Plain Scale, which 
ve have hitherto uſed, muſt be transferr'd ro the Geometrical 
Rod, as the Index of the Capacity of one Cantharus, and be- 
ing doubled will be the Index of 8 Canehari, tripled 27, qua- 
drupled 64, or 1 Amphora, quintupled 125, ſextupled 216, 
Se. Canthari, &c. according to the Cubical Numbers of the 
Digit. Fourthly and laſtly, For obtaining the intermediate 
Diameters of the other Canthari and Amphora, firſt let the Di- 
ameter of one Cantharus, which contains 519 parts, be now by 
another Diviſion divided into 1000 equal parts, that it may 
lupply the room of a new Scale for compleating the _——— 

33 8 | | | * 
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from the Table of Diameters, or Cubick Roots; a Pan g 
which we have given you above in Problem 12. there indeed a. 
commodated to the Weight of Spheres or Globes; but her 
inſtead of Weights it is apply d to Meaſures or Cantbari; f 
that a little Inſtruction will eaſily teach you how to make thi 
Rod. ; EE 
2.4. Now teach me alſo the Uſe of thi Cubimetrical Red. 
This is very eaſy, and may, without any difficulty, he 
learned by any One that doth but know the Numeral Pi. 
es, viz · if, v. g. you were to meaſure the Capacity of thy 
Veſſel repreſented in Fig. LXXXV. Numb. 1. by the help of the 
Cubimetrical Rod, made exactly according to the Rules give 
in the preceeding Problem, thruſt it in obliquely at the Bung. 
hole E, down till it touch the Bottom of the Head of the Cat 
at B; and upon the Rod in the Point E, you will find the N., 
of Canthari, or Amplora, or the eight Parts of an Amphore, 1 
which the Diviſion of the Rod was accommodated, that are con- 
tain d in of the Veſſel: Which Number therefore being dow 
bled, will give the whole Capacity of the Veſſel, except yau 
have already, on purpoſe doubled thoſe Numbers, that fo ther 
might be no occaſion for doing it afterwards, but that thruſting 
the Rod down obliquely, you may at once know the Capacity 
of the Veſſel. But (as wc have already hinted above in Pn. 
14.) whereas thoſe three Suppoſitions, mention'd in Probl. 21, 
eſpecially the ſecond, makes this Way of Gauging Veſſels much 
more eaſy than the reſt, fo tis alſo. much leſs accurate than the 
other Ways, not becauſe the Rule is deficient, but becauſe the 
things ſuppoſed do not exactly anſwer. = 


SECT. 


(221). 
Part d 
led ace 
ars - 0 


ke thi 


RY & —_— —— 


SECTION III. 


Demon rating the Chief Theorems o 
ok EO M E Kk 1 


ral Fi. 


of the 14 E 

) of the PS 5 3 ; 
Bu, Peclaring the Foundations and Piincipleg of che 

. (a | Operations hitherto deliver'd. | 
he Ne, ö | | ; | | 

"0 LI“ D © ner been better to have laid the Foundation f 
1 Nd L 4 before you had built the Superſtructure? | 

pt you WR According to the Order of things ic ſhould have been ſo in- 

) there reed; but the Order of learning it, and the Capacity of the 
ruſting rudents require it to be otherwiſe, For ſince Problems and 
paciy radical Things are much more eaſy, being the Exerciſes of 


n Prob, 
bl. 21, 
much 
an the 


iſe the 


ur Senſes ; while the Principles and Reaſons of Operations ly- 
Ing more deeply hid, require a greater force of Imagination 
and Ratiecination ; therefore it was more — to premiſe the 
aly things before the more abſtruſe and difficult; and, firſt, 
o render the Operations or Practice familiar, before we explain 
their Original and Theory: And for this Reaſon we intend ra- 
her to deliver this Theory in a Method which will be moſt eaſy 
and proper for the Capacity of young Students; then ſuperſti- 
loully to follow ſuch a nicety of exactneſi, as a tedious Con- 
atenation of Conſequences require. SC 
2. Can't theſe Theorical Principles be diſtributed under certam 

Beads ?s? 8 | | 

| know no reaſon why they may not be comprehended un: 


der two General Heads, viz. one of Indemonſtrable, which _ 
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either impoſſible to be demonſtrated; nor are we obliged 0 


| without Breadth, or at leaſt conſiderd abſtractly, as if it hu 
none; Superficies, that Magnitude in which is conſidered Lengh 


; they call the Legs of the Angle. The Acceptations of whid 
Words and innumerable others of the like fort, may be declare 


Theſe again into 60 Seconds, and fo on: Perhaps if they hut 
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do it; or if they can by one way or other be demonſirae 
yet there is no need of that Demonſtration , being clear ay 
evident of themſelves : The other of Demonſtrable Theorems, vj; 
ſuch as not only are demonſtrable, but alſo ought to be de. 
monſtrated, becauſe they are not ſo manifeſt and clear of then: 


felves. | | 
3. Give me, I pray you, fome Examples of all theſe. | 


Firſt, There are arbitrary Acceptations and Explanations 
Terms, which Mathematicians call Definitions, not real or « 
ſential ones, which are rather the Fruits and Conſectaries of 
Demonſtrations, than Foundation and Principles themſelye;; 
but only Nominal ones; as when they call a Line, Lengh 


and Breadth together, yet without any Depth. An Angle thy 
call the Aperture of two Lines proceeding from one comma 
Point, which may be meaſured by the Arch of a. Circle, & 
ſcribd on the ſaid Point with what diſtance of your Compaſk 
you pleaſe, and continued from one Line to the other, wic 


and explain d, but cant be demonſtrated, becauſe they ul 
their rife from the Impoſition and Free Will of Men, of which 
no Reaſon can, neither ought to be given. Secondly, Tber 
are ſeveral other Suppoſitions of Things themſelves, which at 
meerly arbitrary; as when they conceive the Circumferencet 
Circle to be divided into 360 Parts, which they call Pera 
and each one of theſe again divided into 60 Minutes; eachd 


conſider d the thing from the beginning, they would hun 
more rightly uſed another fort of Diviſion, proceeding in a 6 
euple Proportion, 5 
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liged i 4. But which are thoſe Truths aber don t depend on the arbierary 
ſtrated, inen of Men ; but being evident and plain of themſelves, have no 
ear and BB. / « Demonſtratien? (Fig. LXXXVII. N“. 1.) 

ms, vi, : 


They are Three, thoſe Axioms whoſe Connection, grant- 
the Terms and other arbitrary things, is clear and appa- 
nt of it ſelf, and mult be granted by every one that under. 
nds the Terms; and from hence tis calld an Axiom, as bei 

fit ſelf worthy to be believed; as for Example, becauſe every 


be de- 
| them 


tions a emicircle contains 1 80 Degrees, a Quadrant muſt comprebend 
1 or &, which they have been pleaſed to call a Righs Angle; as alſo 
aries aft which is leſs than a Right One, or than 90 Degrees, is 
aſelves ; d 4e; and on the contrary, that is call'd Obey that is 


reater than a Right Angle; ſo likewiſe, ſince the Semi- 
jameter of every Circle is called the Radius, and whole Lins; 
Right Line, as D G, ſubtending an Arch DB G, (Figme 
XXVII.) being called the Chord: The Part B F of the 
adius C B, paſſing thro' the middle of the Chord, is called 
be Sagizta, or Verſed Sine: Likewiſe DI the Sine of the Arch 
H, compleating the former to a Right Angle is the Sin? Com- 
ement ; B E the Tangene of the ſame Arch BD of the Angle 
CD, and CE the Sgcans, Gc. Allo ſuppoſing every Radius 


Jeclard bether large or ſmall) to be divided into ſeveral equal Parts, 
JM) . 1000, 10000, or 100000co (which at this time is moſt- 
b which in uſe) as the Circumference of every Circle is divided into 

Ther: o Degrees: Theſe being thus arbitrarily ſuppoſed, ir will 
ich ar Peceſſarily follow, ſince the Radius of every Circle, by our 


potheſis, is divided into an equal Number of Parts, that the 


rencet . 
uchs BD and 6 d are ſimilar; or the Angles BCD andbed 


Degen, 


eachalntain the ſame number of Degrees: Likewiſe that the Sines, 
ey bal i *0gents, Secants, Oc. are ſimilar; that the Right Sine df 
d have ontains as many Parts of irs Radius be, as D F doth of its Ra- 


lus BC: And that this is much more apparent, Conſo8. in e. 
jul Archs BD and 15 D, of equal Circles, and in their Sines 
Fand D ; Tangents BE and 18 F, Se. . 


in a 06 


5. Which 
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F. Which is the other kind of demonſtrative Truths ? 
They are thoſe which are commonly called Theory! 
8. * - which are not immediately known from the bu 
Tue, 13” Import of their own Terms, but muſt be dec 
from them by a longer or ſhorter train of C 

ſequences ; ſuch are, e.g. theſe Two; I. Ther the two Coy 
guous Angles upon the ſame Right Line, are either actually two MI 
ones, (viz. if both of them be meaſured by 90 Degrees, «| 
Quadrant of a Circle, as AC D and BCD (Fig. LXXx1 
Numb. 1.) or equal to two Right ones, as ACE and BCE; 
(Numb. 2.) viz. being equal to a Semicircle, which is equirity 
to two Right Angles: The Truth being thus eſtabliſh | 
Reaſon, altho it want little of the Self- evidence of an Alm 
II. That the Vertical Angles ( fo called, ACE and B COD, 
ACD and BCE, (Fg. LXXXIX.) 5. e & 

—_— * 15 Angles ariſing from the Interſection of 
an: 8 Right Lines AB and D E, and touching us 
another at their vertical Points in C) are equal t one antin 
For ſince ACE, with the contiguous Angle A C D makes tn 
Right ones; and ſince BCD with the ſame A CD, being il 
contiguous to it, is likewiſe equal to tw Right Angles by l 
orem |. Take away the common one A CD, and the remai 
ing Angles muſt neceſſarily be equal, by vertue of a knom 
Axiom, That if from equal Things, you take away equal Thin 
' Phat remains muſt be equal. 


2 Demonſtrate to me the Firſt Theorem in the Element: of 
id. | 

The Firſt Theorem of all is the 4th Propofirion, Lib. 1. (for tit 
three firſt Propoficrons are Problems ) and is as follows ; Fe 
be two Triangles ABC and abe (Fig. XC. N'. 1.) 0 
bave the Angle 4, and the two Sides, or Legs, comprehending th 
to equal Angles, equal to one another reſpeRipely, viz. AB 
2; AC Se; then thoſe Triangles ſhall alſo bave equa! Bi 
B C end bc, and ſpall conſequently be every way equal co one anth 
For ſince the Angles A and a are ſuppoſed to be equal, imagt 
them to be laid upon one another, and they will mutually cer 
eide ; and the Side A B will fall upon the Side « b, and i" * 

| | | vpe | 
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on 4c, alſo (becauſe they are ſuppoſed to be equal to one a- 
(cr) their extreme Points B and b, C and e, will neceſſarily 
*cide : Therefore, alſo, the Baſes B C and b e {becauſe they 


the u between thoſe coinciding Points) will do fo too; and con- 
dedungvently both theſe Triangles will agree in all their Parts, and 
of o in their other Angles at the Baſe. But if any One would 

once ſee this Congruity in all the Parts of the Triangle, let 


im deſcribe with the ſhorter Leg A B, or 4 a Circle ( ſee 
s, or ii. XC. Numb. 2.) and having drawn a Diameter E D through 
Xx: Center A, let him make the Angles BA D and bad, equal 
B C £0 the given Angles at the Vertexes of the Triangles A and 
ivr having drawn A B and 4 6, let the Line A D be produced 
id C, that AC or « e may be equal to the two longer Sides. 


wing done this, if you fold the Circle on the Diameter E D, 
b plain that the two Semicircles EB D and E 6D will agree 
all the Parts of their Periphery ; and ſince B and b are equi- 
iftant from D, by the Suppoſition they mult alſo coincide, 
nd conſequently the Baſes intercepted between B and C, b and 
» ante; therefore the Triangles BA Cand e do 
tee in all Points: Likewiſe it will appear in- 4 _ wy 4+ 8 
erly, If the Legs A B and ab, A C and ac; l.. 

the Baſes BC and b e, be ſuppoſed to be equal to one another, 
rem ebe Angles A and a, and all the reſt will be equal, 


7. Was there not a Mathematician, that wou'd have had thr 
yy of Demonſtration been rejected, and not uſtd in Geometry? 


That was Fame, Peletariu, Profeſſor of the Mathematicks 
Cenoman in France, being induced to it for this only Reaſon, 
cauſe he thought that laying one Figure on another was a 


(forth lechanical way of proving their Equality; this Thing is de- 
ih ared at large by Chriftopber Clavius, who confutes this Reaſon 
) ei frivolous in bis Euclid, illuſtrated with Scholiums, P. Al. 251, 
df th nd the following, viz. it the laying one F igure upon another 
\ B = oF aQtually done with One's Hands (e. g. by cutting the Trian- 


le « be out of the Paper and laying it upon the other A BC 
ic ane do not demonſtrate this Truth, but only illuſtrate and en- 
imagi lain the Demonſtration) 'tis ſomething Mechanical and Em- 
ally cot tical, but becauſe tis done by the Mind and Imagination on: 
and A , be truth of the Theorem is evidently ſeen by the intuitive 


Q Power 
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Power of the Mind, as a, certain Principle that admits of yi, 
other than ſuch a Demonſtration. X LE © 


8. And can't we demenſtrate by the ſame Way, that in a Iiſa 
| Traangle, the Angles at the Baſe, as well above «i below, are egy 
to one another reſpectively? | 
This is the Fifth Propoficion of Lib. 
Euclid,” and the Second Theorem, which Eid. 
himſelf hath demonſtrated by the foreguiy 
Propoſition, but not immediately, by imagining them to je 
laid upon one another: Yet | ſee no reaſon why the Tri 
of this Theorem can't be ſhewn more immediately this Wy 
For if you draw a Circle with any Radius A D (Fig. XCI) u 
imagine a Diameter E D to be drawn thro the Center A, frag 
D on both ſides take the equal Archs D B and DC, and ſm 
the Center A draw the Lines A B and A C, which produce ar 
pleaſure to F and G; and laſtly, joyn B and C by the Nh 
Line BC, and you will have an Equierural or Iſoſceles 'Triany 
whoſe Angles ABC and A CB, as well above the Baſe, beit 
FBCand G CB below it, are demonſtrably equal. Im 
gine then the two Semicircles ECD and EB D to be fold 
upon each other ſince theſe muſt needs agree, and the Point( 
falls upon the Point B (viz. being equidiſtant from D) it ii ar 
neceſſarily follow, that the Line A C G will fall upon the Lt 
ABF, and HC upon HB; and therefore as well the Augen 
HCA and H BA above the Baſe, as HCG and HBF! 
low it do coincide, ſince the Lines or Legs of both of them 
coincide. = | 


9. Since Theorems are deliver d for tbe confirming of Problem: « 
Prattice, ſhew me, I pray Jon, of what uſe the Theorems bithertd he A 
liver d are in Practice. 85 


Theorems indeed are uſeful for confirming the Praca ne! 
Rules, which is not to be defpiſed, but that is not their F 
uſe, but as ſome Theorems are made uſe of for demonſtrati Arch: 
other grand Theorems; ſo theſe laſt, if they were of no lt 
for finding out new Theorems or Problems, yet of them(clahnee 
they wonderfully delight the Mind, and make it delirou P 
knowing the Truths of Nature. But that you may ſee 0 


Theorem 8. 8. l. 
Euclid. = 
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Ju al to ond and the ſame third Thing, are equal alſo to che anotler 


rallel by Theorem VI. Q B. D. 


Fu, internal F E G) ig likewiſe equal to EF H thein 


ſame ſide A EF or FEG (which is equal to the alternate one 


of the latter. Secondly, The Problems about drawing a Li! 
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ſame Fi gure) ſo as to make the external Angle A EL, equal 
CFE the internal and oppoſite one on the ſame ſide ; or the inten 
ones en. the ſame ſide, AE F and C F E together, equal to two R 
ones; it will again neceſſarily follow, that the aforeſaid Lines \} 
and C D are parallel. For in the firſt Hypotheſis, becauſe th 
external A E Eis equal to the internal CFE, by the Suppoſ. 
tion, and alſo equal to the vertical Angle F EB, by the 20 
Theorem ; therefore by that common Axiom, Whatſoever ar . 


the alternate Angles C F E and F EB will be equal, and con. 
ſequently A B and CD are parallel by Theorem VI. Likenil 
in the 2d Hypotheſis, ſince the internal Angles AEF yl 
CFE together make two right Angles, by Hyp. and the fans 
Angle AE F, with the contiguous one FE B, alſo make tyy 
rights ones, by Theorem I. it muſt neceſlarily follow, that tle 
alternate FEB and CF E are equal (by vertue of the Axion 
above mention'd) and conſequently, that A B and C D are pu 


Tt. And are not theſe Theorems alſo true inverſy ? 


Yes; for if you ſuppoſe A B and CD (in the ſame Fu, 
XCII.) to be parallel or equidiſtant, the Perpendiculats « 
right Sines FR and EI will be equal; and conſequently, %, 
the Archs E H and F G, or the alternate Angles I  H aid 

F E G are equal to one another, Secondly, It 
Theorem 8. 29 external Angle L E B (eig. being vertical to ie 


ternal and oppelite one on the ſame fide by II. and l. of thi 
(being equal to the alternate FE G.) Thirdh, laſtly, Since CHL 
with the contiguous Angle E FH make two right ones, by 
Theorem II. alſo CF E, with the internal and oppoſite on tht 


EF H) which make two right ones. Q. E. D. 


12. Tſce and I foreſee already Feral Uſes of theſe Theorem 
and therefore I deſire to have them explain d more diflinflly, 


Firſt, That is apparent which I have hinted already, thut 
the former Theorems do ſometimes ſerve for the Demonilration 


par l 
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irallel to the given Line A B thro” a given Point C, which 
e have already deliver'd in Seck. I. Artic. I. Numb 18. and 19. 


equal i 
e tern 
two Revit 


ines A BUS Fig. X. and XI. are all founded on theſe laſt Theorems ; 
cauſe the (Which a skilful Maſter may ſhew to his young Pupils with little 
Suppol. no trouble; fo that there is no need that we ſhould be pro- 


in this place. Thirdly, Beſides the unſpeakable Uſes which 


y the 2d 
eſe Theorems may be extended to throughout Univerſal Ma- 


er are e. 
anctler ematicks, I will here, for Example fake, give you One moſt 
nd co orthy to be underſtood for its own fake alone (if its Neceſſi- 


and Uſefulneſs did not recommend it) and which may ſerve 
za neceſſary and fundamental Theorem for almoſt all Mathe- 
atical Knowledge. 


Likewil 
E. F and 
the ſans 
rake two 
that the 
> Axion 
are p 


1 Waich is that Theorem which is ſo much commended ? 


'Tis that which Euclid, in the firſt Book of his Elements, 
rp. 3 2. hath infallibly deduced from the Foundations hitherto 
id, v. That in every Triangle (let it be form'd 

ter what Way you vleaſe) 


en together, are equal to two Right ones, or 180 1. Ne 


16 Fir „ For (that I may firſt teach you the very ſame De- 
wars en ration that Euclid _ uſe of) he bids you produce one 
ly, FB: of any Triangle whatever, as A B C (Fig. XCIII) e. g. 
Had Bale B Cas far as you pleaſe to D; and from the Point & 
% Tre E parallel to the oppoſite fide AB, Hence he thus 
al to deere; the Angle at A is equal to the alternate one A CE, by 
iber \ 111, Theorem 3 (becauſe A B and C E are parallel by the 
of ti anddruction, and are cut by the tranſverſe Line A C) and 
ce Cee Angle at B (by the ſame Theorem) is equal to the external 


ngle EL CD, made by the other tranſverſe Line BD: There- 
re, Faſt, A and B together, are equal to the whole AC 
thout the Triangle; but this A C D, Secondly, together with 
e contiguous Angle A C B makes two Right ones (by Theor- 
) Therefore the Angles A and B, together with the ſame 


nes, by 
e on thi 
nate ons 


1eOrems 


emonſtrate the ſame thing in fewer Words, thus: The Angle 
5 15 equal to the alternate one I, Numb. I.) and 2 to the ex- 
mal [1. But I, II, 3, make two Right ones; therefore 1,2, 2, 
likewiſe make two Right ones. Others prove the fame this 
a; Having drawn, or ſuppoſed to be drawn thro' the Ver- 
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all the three Angles Theorem 9, hes 
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id ACBalſo make two Right Angles. Q. E. D. But we | 


5 
[ a 
& 
' i 
* 
6 
1 
* 
| "a. 
WH | 
( 
4 i” 
l \ 
* , 
* 
9 
= 
* 
} 
"41 ' 
. N 
Sh 
$e. 
* * 
U 
7 * 
= 
" TH 
' 7% 
i" 
Ll it 
(+8 
* 
Fil 3.00 
1! 5 N 
"us 
' Wo 
ds 
*} - 
5 
1.44 
- 
! \ ' 
j4 ITY 
= 
v4 
1 
U. 
4 - 
: 15 
9 
1 
1 54 
117 
[3 
k 
i2., 
T 
; 
1 
FT) 
: - 
"4 
Fd 
: 
4 * 
1 1 
} 
. 7 
. 
3 
\ 
U 
9 
\ 
+ 
\ 
bit 
, ny 
 LBE 
0 
I. 
* 
its 
fa 
4 


” 
— 5 - — — 
— 2 — a” -— mg. 
- > — —- => = — W 2 
— — 2 — — — - 
= 2 4 * 3 
— T4. — — - - pax 
— - _— — 2 — 
— — — 
. — _ — 8 
— <A. - EY 7 — 


/ 


ww Of CGROMEATREF 
tex 4 (Numb. 2.) the Line ed parallel to be : Then wil t 
Angle I above, be equal to the alternate one 1 below, Li 
wiſe III to 3. But the three contiguous Angles about ty 
fame Point , I, 2, III, make two Right ones: Thereſon 
the three within the Triangle 1, 2, 3, being taken togethe, 
are equal to two Right ones. Q. E. D. 


I 4. But why ſhould you judge this Theorem worthy to be unde. 
Food, if it had not ſogreat an Uſefulneſi as T perceive it bath ? 


Fi, Becauſe there is ſuch a wonderful Identity of one ul 
the ſame Property in ſuch a variety of Triangles, that the thy 
ConfeBary 1. Angles of a Triangle, taken together | ſhould be equd 
Theorem 9. #0 the three Angles of any other Triangle bannt 

̃4len together. Secondly , Becauſe it infallibly fe 
lows from hence, That the Sum of all the Angles comprehend 
. within the Sides of any Figure, make twice à ma 
Conſecdt. 2. Right Angles, excepting 4» 4s there are Sidet mi 
Figure. E.G. All the Angles in the Periphery d 

Pentagon taken together, make 10 Right Angles, leſs 4.; i.s 
6; of a Septangle 14 Right Angles, leſs 4 ; 5. e. 10, & 
For if having aſſumed a Point any how within the Area, then 
be drawn from thence Right Lines (ſee Fig. XCIV. Numb. 1) 
there will ariſe as many Triangles as there are Sides, i. e 
this Caſe 5; which therefore, with all their Angles together 
make 10 Right ones; but ſince thoſe that are about the Pon 
in the middle, viz. 4, (not pertaining to the Figure) mult 
taken from the Sum, there will remain 6 Right Angles, and 
EO  inthereſt. Wherefore a] rectilinear Figure: of i 
Conſe. 3. ſame hind, have the Sums of their internal Angle 
qual: Which muſt needs be a Truth very agree 

able toa Mind that fully underſtands it. And much more | 
will be this Theorem, that the Sum of all the external Angle ( 
25 3, 4, 5, 6, N“. 2) of any Right lined f 
Conſeck. 4. gure whatever is equal to juſt four Right ones, d 
3 each external Angle, together with its adjoyny 
or contipuous Internal one is equal to two Right ones; and 
therefore being all taken together, muſt make twice as ma 
Right Angles as the Figure hath Sides. But the very ſan 


dum do all the internal Angles make, if you add 9 
„ * | uy. 
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wil ipht Angles, which are about the Point in the middle: And 
w. *. herefore thoſe four Right _— mult be equal to Sum of all 
Ag i external Angles: Therefore conſequently 
T here reltilinear Figures whatever of the ſame kind, have Conſect. 3. 


he Sum of their external Angles the ſame. 


together | 
. 15. Is this wonderful Theorem the only one that Euclid bath de- 


0 be undy. onſtrated in his faſt Book o N | | 

1b ? No; the 47th is another, which appear d fo conſiderable to 
of one Inventor Prebagoras, that, as Hiſtorians tell us, he ſacrific'd 
r the thi Hecatomb, or 100 Oxen to Apollo out of Joy and Gratitude 
% A its Diſcovery ; which Propoſition is this; In all rectangled 
 whatny, ain Triangles (ſuch as A BC in Fig. XCV. N. I.) 

ulibly fo be Square of the Hypotbenuſe, that is of the longeſt Th 4 "I 14. 
nprebendi 5 B C, oppoſite to the Right Angle A, is exactiy 1 : 
e 4 na to the Sum of the Squares of the other two Sides AB and AC. 
der be Demonſtration of this moſt uſeful Propoſition (on which 
ipben oi" founded Problem 16, and 18, Artic. II. Sect. I.) Euclid hath 
(5 4.; i 7" univerſally in the Place above cited, but it uſes to be a 


Ile too difficult for the Capacities of young Beginners; there» 
ore | hope to give you another, ſomething like that, but eaſier 
ind plainer, hereafter from Numb. 2. of Fig. XCV. and another 
yet much more eaſy, which ſhall be demonſtrated from Prop. &. 
|. 6. Euclid, Here therefore we ſhall only note; Fir, That 
perhaps Chance might give P3thagaras the firſt Hint, to find 
out this Truth; who hap'ning to ſet two Right Lines at Right 


10, & 
ea, then 
Vumb. I.) 
„ 4.0 n 
together 
he Pot 
- mult d 


„ and if 2 "gies, one of which was 3, the other 4 equal Parts; found 
res F #inly, that the Hypothenuſe muſt contain 5 ſuch Parts: For 
Ame ſince the Square of 5 is 25, the Square of 4.,16, and the Square 
y agre of 3,9, it is plain that 16 and 9 added together, are equal to 
more 25; that is, the Szuari of tbe Hyporbenuſe is equal to the Sum of 
ples (| the Squares of the Legs. Secondly, There is a kind of ocular 


Demon tration of this Propoſition, which Fr. Schooten gives, 
nd isin ſhort thus; having deſcribed the Square Bbc C (Fig. 
XACV. Numb. 1.) upon the Hypothenuſe B C, and the Square 
404 Eupon the lefler fide AC; as alſo the Square D E ab upon 


lined f 
Wes; ſa 
joyning 


s: ant 

mn ie Line D E, which is equal to the greater Side of the Trian- 
Ede AB. It's plain to the Eye that the Square of the Hypo- 
: the enuſe B C contains within it, firſt the Parts X and Z, which 


24 - 


Rigtt 


Triangle I, which is equal to the ſhaded Triangle I, int, 


coincide and fall upon it ſelf, that by this means the Side DC 


* 


of the two leſſer Squares; ſecondly it contains alſo the ſhads 


Square of DE or AB the greater Leg ; thirdly it contains i 
fo the prick d Triangle 2 equal to the prick d Triangle II, th 
Remainder of the two leſſer Squares; and therefore that whi 
Square doth contain the two leſſer Squares, and nothing be 
ſides, and conſequently is exactly equal to them, which my 
ſerve to prove the thing ocularly to young Beginners. 


16. Is there not fill remaining ſome other Theorem wth 
be obſerv'd, above the reft, in Elem. I. Euclid ? | 


1 This alſo is not without its Uſe, That every 2, 
39 l. Euciid. rallelogram ABCD (Fig. XCVI.) 4 by « Diazod 
1 To B D divided into two equal Triangles ; Which wil 
plainly appear thus: Becauſe A B and CD; alſo AD a 
B C are parallel, the Angles 1 and 2, alſo 3 and 4, bein 

alternate are equal by Theorem VIII. Therefore alſo ther 
at A and C are equal by Conſect. I. Theorem. IX. Wherefor 
if you imagine the Triangle BD C to be ſeparated, and to 
placed inverſly upon the other BD A, fo that the Angle 1 
may lye upon the Angle 1; and their common Diagonal my 


may lye upon B A and B C upon A D, fo that the PointC 
may preciſely coincide with the Point A; then the congruity d 
each whole Triangle with the other, doth plainly appear to the 
Eye of the Mind; and will not a little aſſiſt the Imagination, i 
you actually cut the Triangles out and lay *em upon one another 


| I7. And what Benefit js there to be had from this Theorem? 


That would have been apparent than one way, if we hut 
firſt demonſtrated this new Theorem : That Parallelograms, v. 
. EFGH, and eg h, upon equal Baſes EF, and ef, and be. 
- tween the ſame Parallels AB, CD have equal Areas, which! 
thus demonſtrate 3 firſt, ſuppoſe a Line, as 1, 2, or 3, 4, & 
to be drawn, whereſoever you pleaſe, thro one of theſe Are 
parallel to A B and CD; alſo ſuppoſe it, being continued, u 
paſs thro* the other Area; the Parts 1, 2, or 3, 4, Sc. intel. 
cepted, or lying within the two Areas, muſt neceſſarily bee 
qual: So that we may conceive an equal number of Lines, 4 
3 ee, e 490 
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ams; therefore we may readily conclude that thoſe Parallelo- 
am; are equal. Hence, Firf, it neceſſarily follows, that 
riangles alſo, e. g. EH F, and e hf, upon equal Baſes E F 
4 ef, and between the ſame Parallels are equal; becauſe, by 
rue of the preceeding Theorem, they are the Hal ves. of equal 
arallelograms. Secondly, And now the Reaſon of Probl. 19. 
d 20, and ſeveral of the following ones in Arzic. II. Se8. I. 
plain; vix- Why in a Parallelogram we multiply the Baſe by 
e whole Perpendicular, G. Thirdly, The other Demonſtra- 
on of the Pythagorick Theorem is evident from Fig. XCV. Num. 


ge of the biggeſt Square, falling neceſſarily on the fide of 


the Squares, and reaſon, if need were, wou'd eaſily evince 
) (ſee Matheſs Enucleat. p. 3 2.) the Triangle A E B is half 


B; and the fame Triangle is alſo equal to half the Paralle- 
pram EBG F, becauſe it alſo ſtands upon the fame Baſe E B 
th it: Therefore the B AKL is equal to the Parallelo- 
im EB G F. In like manner the Triangle ADC ſtanding 
on the fame Baſe A C, with the leaſt Square A GH, and 
ng between the fame Parallels is both the half of this Square 
dalſo of the Parallelogram FGCD (with which it alſo ſtands 


rallelogrm's EBGF, and FGCD together; that is, they are 


18. Go on now and demonſtrate the other chief Theorems of 
ometry. | | 5 r 


a Triangles having their reſpective Angles (A 
| | « Euclid, 

e their Sides about the equal Angles proportional; 1085 = - 

ih I ſhall endeavour to demonſtrate after this manner: Ha- 


ltion, the Archs AB and a b, BC and bc, &c. will con- 


Aly equal to one another, to be contain'd in both Parallelo- 


| 
= 
f 


, viz. having drawn Lines from A and B to the Point E, the 


e middle Square (which may be ſeen by the deſcription it ſelf 


at middle Square, becauſe ſtand upon one and the fame Baſe 


on the common Baſe CD) Wherefore the two Squares 
AKL and ACI H taken together, will be equal to two 


jal to the whole Square of the Hypothenuſe BEDC, QE. v. 


One of the chief of them is about equiangular Triangles, vix 

d, B and ö, C and e, Fig. XCVIII.) equal Theorems 12. | 

g deſcribed Circles thro the Vertexes of both Triangles, by 

XII. 4rtic. Sect. I. becauſe the Angles are equal, by the Sup- 
ſequently 
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ſequently agree in their number of Degrees; and therefore ij 
their correſponding Chords, or Subtenſes, will agree in 
number of Parts of their particular Radius's, by Nuno 
Seck. III. Therefore as many Parts as A C hath of its Res a 
Z. V, which is I0000000; fo many alſo will z c have of y 
| Radius x,v 10000000 ; and after the ſame manner CB A 
cb, Ge. will agree in the number of Parts of their pertiui ncer 
| 8 : And therefore A C is to CB: : as 4 e: is to 


19. But is that 4 right Inference, in this Demonſtration, © 
| Becauſe the Angles A and 4 are equal, therefore the Archi B C of" 
be are ſimilar, i. e. have the ſame number of Degrees e 


We muſt indeed confeſs, that thoſe Archs are not imm 
ately the Meaſures of the Angles A and 4, that are at the pe 
phery, but rather of the Angles BZ C, and b x c, at the Ca 
ters Z., x ; from which very Centers thoſe Archs are deſcribe 
but mediately they may be alſo their Meaſures, if this (whi 
vas ſuppoſed in the Demonſtration) had firſt been demonſtrate 

Tat an Angle at the Center, e. g. B Z. C, is ab 
12 20. double to an Angle at the Periphery, B A C, & 

| Banding upon the ſame Baſe: Which is demoifual t 
ſtrated by Euclid, Elem. III. Prop. 20. but by us it ſhall thu 
proved: Produce A Z. to X, then will the angles « 4 n B, is 
 Hofceles Triangle BZ A be equal, by Theorem V. But the a ge Rec 
ternal Angle BZ. X is equal to them both, by Theoren |] 
Numb. 1; and therefore it is double one of them, or 2 « ; ide B. 
for the ſame reaſon C Z. X will be 2 b, viz. being equal to the t 
two b and b in the Iſoſceles Triangle CZ A: Whereforef , 
whole Angle B Z. C (24 +26) at the center is double il. _ 

whole Angle at the Periphery BAC, (a +6) Ge. 3 


20. What k the Uſe of the Tyelfth Theorem? 


Firſt, The whole Practice of Surveying, eſpecially by 
help of the Table already deſerib d; and therefore almol: ! 
the Problems in Se. Il. 2 Prob. 1 2. Artic. I. incluſively, eſ 
to the x 1th of Arie. II. excluſively, flow from this Them 
Second'y, All Trigonometry, both plain and ſpherical ( wit 

Invention is of unſpeakable advantage for taking the Dimenſu 
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he Earth and Heavens) is built upon this Foundation. Third» 
And particularly the reaſon of Probl. 27. and 2.8. Artic. I. 
z, I of finding to three given Lines, a fourth, or to two given 
ges a third; or between two given Lines a Mean Proportional 


founded on this Theorem of equiangular Triangles; which 


evident enough in the two former Caſes, from Fig. XX. and 
,ncerning the third Caſe, it appears thus from Fig. XXI. The 


nglesF HD, FE Hand DE H are all Right ones, and the 


ole F is common to the leſſer Triangle FH E, and to the 
reater FH D, fo that theſe two are equiangular; and in like 
anner the Angle D is common to the middle Triangle DE H, 


xd to the greateſt D H F, therefore theſe are alſo equiangular; 


d conſequently the leaſt and the middle one, becauſe they 


e equiangular to the ſame 3d. Therefore it will follow, that 


E the Baſe: is to E H the Height, which is leſs than the 
aſe, ſo is E H: taken for the Baſe in. the leſſer Triangle, to 
F its Height; ſo that EH is Mean Proportional between DE 
d FE. And from hence, fourthly, follows anew Demon- 
ration of the Pythagorick, Theorem from Fig, XCIX. for ſince 


C: is to AC:: as AC: to CD, the prick d Rectangle 


ade by the multiplication of B C (or DE) into CD vill be 
qual to the prick'd Square A C: Likewiſe ſinccCB : is ro BA; 
BA: to DB; the ſhaded Rectangle of C B (or D E) into 
B, is equal to the Square of the Side A B, whercfore becauſe 
te Rectangle B E is equal to the Square A B, and the Re&- 
gle C E equal to the Square A C, the whole Square of the 
de B C, (compounded of thoſe two Rectangles) will be equal 
d the two Squares of the Sides A B and AC. Q. E. D. 


21. And can the other fundamental Theorems, "upon which more 
cially depend the Menſuration Bodies, be demonſtrated with as 
feat eaſed 5 4 


| cannot affirm that; os that their Truths lay more deeply 
id, which we may judge from this, that Euclid, Archimides, 
d ſeveral other very ingenious. Mathematicians in former 
ges have been forced in demonſtrating one or two of theſe 
oice Theorems to demonſtrate ſeveral others, and therefore to 
ite whole Books about them; nevertheleſs in our Mazheſ: 
mclata we have endeayour'd, and I hope not W 
ucee 
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| ſucceſs, to abridge their more tedious Method ; yet I fear thy 


hat no part of it can be ſo ſmall as not to have ſome curviy 


' Perpendicular the Semidiameter : Whereforeir will follow, di 


— — — —— hore — 
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| Motion to be continued till its firſt Point e touch the Line in ) 
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amet 
ill; b 
ar as 


ſeveral of thoſe Methods of Demonſtration, which we hayey, 
ven there, are too difficult for the Capacities of young Studem 


and therefore | will do my endeavour to explain and con rec 
thoſe Truths the beſt way I can, which may ſerve them, i iamet. 
they are able to comprehend and underſtand the full Dem Het of 
| trations of them. Firft, Therefore (that we may give ml ound 


reaſon of the Method which we have preſcribed in Numb. 2, 
Artio. II. Se. I. for the finding the Area of a Circle ) you ny 
obſerve that the Periphery of a Circle, and every diſtinct pn 
of it hath ſome curvity ; nay, we may conceive in our Ming 


ectan 
cutti 
jill the 
aſe of 
| three 
It; but that this curvity becomes ſo much the leſs ſenſible or im: 


ginable, by how much the leſs it is, fo that at laſt it may 2 
taken for a Line ſenſibly ftreight ; ſo that drawing from its [x oy 
tremes 4 and b (Fg. C) Right Lines to the center of the Ci“ 
c, the Figure comprehended within jtheſe three Lines, may vl So 1 


e of t 
e Per 
reater 
condh, 
dmes fc 
des it | 
a Cit 


conſider d as a Right lined Triangle, whoſe Baſis is à b, and th 


the Area of a Circle conſiſts of innumerable. ſuch Triangly 
which have all the fame height, viz. the Semidiameter ; 2 
whoſe Baſes taken altogether are equal to the whole circumſe 
F | rence: or to expreſs it as Archimides doth | Tis 
Theorem 15. the Area of 4 Circle is equal to aRight angled Trial, 


Arcbim. 1. de ghoſe height is equal to the Semidiameter, and arts, 2 
ae * Baſe to the Circumference. 8 ght b 
5 | . de, at 

22. But can the Cireumference of a Circle. be changed into a fig de, or 
Line ? | „ x = Ic, alte 
How this may be done in Practice we have taught in Sed. 3 
Artie. I. Prob. 34. And in Theory tis plain, that a Right Lit 1 
may be equal to the Periphery or Circumference of a Circle; ® _ 
for it a Circle d c (Fig. C. Numb. 2.) ſtanding with its Pon 905 vo 
e upon the beginning of the Line AB, be conceived to moſt | 85 
round towards the Leſt Hand, till it touch with its oppolit po 
Point I, the ſame Line in the Point D, ſuppoling alſo the fant hs in 


0 „ | 5 , | U | 
tis plain, I ay, that A D is equal to half; and A B equal a the | 


— 
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« whole circumference. Let the Proportion between the 


meter e d and the Periphery, or Right Line A B be what it 
ein; but if any one will ſtrive to find out this Proportion as 
en; ear as poſſible, having prepared a piece of Paper in the form 


fa rectangled Parallelogram, whoſe Height let be equal to the 
\2meter of ſome Cylinder, and its Baſe of a conſiderable, tho? 
er of an uncertain Length: Let this Rectangle be accurately 
ound round the Cylinder, until both the Extremities of the 
ectangles do but juſt meet and joyn (which muſt be effected 
cutting the Paper perpendicularly till it will exactly fit) he 
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pu then 6nd, I fay, That the Per ipbery of this Cylinder, or the 
(ink: of the Rectangle, will contain juſt three of the Diameters and 2, 
ty bree times the Height of the rectangled Paralelograms and >. 

inn. 


23. Perhaps thu, or ſome ſuch like ſinſſible Experiment, gave or- 
fon to Archimedes of expreſing this Proportion more accurately in 
Iumbers 2 #7 . ; 
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Lic . „ 

o 1 am fully perſwaded : And to gain this Point, he made 
de of the following Artifices. Firs, It was very evident that 
tue beriphery of every Figure circumſcrib'd about a Circle, is 
nol eater than that Circle, and that every inſcribed Figure is leſs. 
dh, that both an inſcrib'd,' and alſo a circumſerib'd Figure, 
ume mes ſo much the nearer to a Circle, by how many the more 
Je les it hath. Thirdh, He faw, that ſuppoling, e. g. the Side 
071 2 circumſcrib'd Hexagon to be divided into 1006, equal 


ders, and therefore half the Side into 500, that the Radius 
light be taken as a Perpendicular falling on the middle of the 
de, and afterwards taking always the ſame Number. for the 
de, or halt the Side of a Polygon, having 12, or 24. Sides, 


c, after the ſame manner he defin'd in every Caſe, the corre- 


reipit 


* onding Semidiameter, or Diameter of the Circle ; and at laſt 
Lie ing, with much Labour and Ingenuity continued his Com- 
cle ation, he found, that the Side of a Figure having 96 Sides, 
pon ing taken 96 times wou'd give the Perimeter of the Figure 


$00 (ſuppoſing at the ſame time the Side of it as in other 


moſt 5 | WY. of 
polit igures to be divided into 1000 equal Parts) viz. in both Fi- 
0 res, as well circumſcrib'd as infcrib'd ; but that the Diameter 
4 amt 1 7 . 70 : 3 . . , 
ing the circumſcribed Figure was 152727, of the inſcribed one 


al 10 


little leſs than 15282. Fourth», T heref.re having divided 
" ie 5 | | 


1 


/ ö . 
in both Figures the Periphery by the Diameter, he found i 


1 
— 
* 


6 

7 r, 0 
| it 48000 contain d the Diameter 1 5272 three times, and thus» | 
| the Remainder was 2.1 81 75 Parts, which are leſs than a ſeremii , tl 
4 part, or 22 of the Diviſor (for being multiply d by 7, the bug di 
Þþ duct is lefs than the Diviſor) and & contra, that the fame Nan tte 
\| ber 4.8000 contains the Diameter 15282, alfo three tins iſ be 

1 and moreover 2154 parts, which are more than 52 of the , 

4 viſor; for 2; ſubtracted from this Number makes 21 57, u. - 
therefore #3, 2150 %, 5. e. 215271. From Which, Fi) bh 
He infallibly concludes, that if for the Diameter of a Circle yy Fs 
put I, the Perimiter of the circumſcribed Figure (and muff 
more the Circumference of a Circle leſs: than this) will no oil 

quite 352 ; and & contra, that the Perimeter of an inſcribed EH hat 
gure (and much more the Circumference of the fame Cid. © 
greater than it) is a little more than 377, wi ter 
Theor. 16. Ar- he expreſſes in theſe Terms; The Perimeter or ci Dem 

chimides 2. de eumference of a Circle is triple of its Diameter, vii frult 
Circ. dimen- 10 he dt 

n an Exceſs leſs than & (or 53) but ſomething grauen 

eban 77 of the ſame Diameter. at 
24- The Difference therefore between theſe two Fractions ſeem! | e 
| ſmall, that you may eaſily take a Medium between them, e the 


Jou fay right: For if you ſubtract r from 55 (viz. by aſed t 
ducing the two Fractions to theſe, having one common Den 
minator, % and 2%) the difference between the Exce 
and Defect will not be greater than 437, or 437 of the Dahl" to 
meter, which in Circles of a mean bigneſs is not ſenſible ; ſo in 
we may ſafely take the Proportion of the Diameter to iy 
Circumference, as 1 to 3+, or in whole Numbers, as 7 nt 
22. | | 


25. Tremember that in Praftice we babe made uſe of a Proponi Tis th 
of the Area of a Circle to the Square of the Diameter; I would di of the 
zou to ſhew me the Reaſon of this alſo by ſome Map or other. 


| ; That flows naturally, from having firſt found, by Archimedi ly fi 
| Rule, the Proportion of the Diameter to the Circumferen 


! For if the Diameter is 7, and the Circumference 2.2, the Squſ ces ; 1 
4 of the Diameter will be 49, and the Area of the Circle, eigtl 
4 vertue of Theorem XV. (viz, of multiplying half the Semi. ans des 


ff BOMETRT. $39 

- ora fourth part of the Diameter by the Circumference) 

, or doubling both the Numbers to take away the Fracti- 
| "the former will be as 98, the latter as 77 ; therefore hav- 
enth g divided both Numbers by 7, the Quotient | 5 

the former will be 1 4, in the latter 11. 58% ein LY. 


lun | . : b | 3- de | 
me at the Square of the Diameter is to the Area of the Pimenſ. ir- 
, 4 14 % 1. _ Culk 


za 16. V have now given me the Proportions of Right Lines, and of 
fich, curves, and alſo of plain Figures to one another ;, I deſire you alſo 
r the [ame manner, to demonſtrate to me the Proportions of Bodies 
mul... cher. 1 EE 

[ have already hinted above in Numb. 2 1. of the preſent Se- 
u, that ſuch Demonſtrations, whether we uſe the tedious and 
ncatenated Conſequences of the Ancients, or that ſhorter way 
Demonſtration uſed in our Matheſis Enucleata, are both too 


AIault for the Capacity of the young Student, and therefore L 
2 uld have you delay this your Deſire, till you are of a more 


ture Judgment, or till you are able to underſtand thoſe com- 
ndious Methods of Demonſtration uſed in our Masbeſis Enuclea- 


em \ or the more tedious ones of the Ancients (for I would not 


e theſe be neglected by them, on whom GOD has been 
aſed to beſtow a more large Gift of Underſtanding, both be- 


FxcPcthing tedious, and for the great Nicety thoſe Authors uſed 
e Dns Superſtition it ſelf, and alſo to make a Compariſon, and 
bow ſurpriſingly near theſe come to them) but in the mean 
e be contented with ſome experimental Way, which will be 
ent abundantly to confirm Practice. | 


27. What is the Experimental Tay? 

Tis this, which is not very difficult to be deduced. Make 
of the fame individual piece of Matter, e. g. out of the ſame 
ce of Lead, or Pewter, or Braſs, a Pyramid, or Priſm, of 
med fimilar and equal Baſes, and every way of the ſame 
erenc{WJ2ht ; alſo a Cone and Cylinder, having equal Baſes and Al- 
, Squinip4es; Laſtly, a Cylinder and Sphere of the ſame Diameter 
cle, Height: Having thus made theſe Bodies, find the Weight 
dam very one of them apart in a nice pair of Gold W 


ſe of the great Certainty of thoſe Demonſtrations, though 
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bers of their Weightsb bein g rai in their . Sery ol 
| Ge. will ſenſibly give the ſame Proportions of theſe: 300 | 

/ which the ancient Geometricians, in the p 
* Theorem 18. here quoted, have found out and — 
Corgl. 7. El. vi. Firſt, * That every Priſm 1 16 to a Eyradmid, ha 


12. Euclid. ing equal Baſe and Altitude, as 3 to 1. Sedan 
| Theorem 172. ly, || That a linder is to a Cone of equal Baſe a " . 
9. 12. Euclid. and Altitude alſo, as 3 to 1. Thirdly, f Tt * 5 
+ Theorem 20. Cube is to an inſcrib a Sphere, & 2.1 t0 11, M 
Archim. 1 Archimedes Rules, a Cube to an inſcribel of 
(Col. 31 lde linder is in a proportion of their Baſes, ;, 
Sphero & Cy- | propor 3 nts o 
lindro. 14 to 11; or, (by tripling the Number.) r, 
421023 A Cylinder alſo is to an infrb"aM. 
Sphere as 32 to 22: Therefore a Cube is to a Sphere, a i ih'd 
to 223 or, (by biſſecting the Numbers) as 21 to I I. Fo .; 
11 ly, * That a Cylinder 4 to Sphere of the ſan lj Eu 
Pac 14. meter and Height, 463 to 2; Conſequently 40 ra, 
Theor em 22+ linder, Sphere and Cone, having equal Baſes, by 922 
| muneter and Heights are to one another in an m . 
Proportion, 4 1, 2, and 3: Fifthly and laſtly, That al Body I learr 
zhe Species ( viz. Pyramids with Pyramids, Cones with Co: wri 
Cylinders with Cylinders, all Priſms and Parallelopipids, be 10 
pared with others of the fame Species) f they bave equal 0 
and Altitudes, are exactly equal to one another, &c. From will ſince 
Theorems flow all thoſe Problems of Fect. I. Artic. III. that hu d the 
been delivered from VII. of the aforeſaid Article, even toi yy 
End; and alſo moſt of thoſe that are in Se&, II. Artic. Ill. Me all 
Practical Stereometry: Which may more eaſily be ſhewn H can 
Skilful Maſter to the young Students, by Word of Mouth er thi 
Writing. ral of 
| Lan 
N. B. Having at the latter end of our Algebra given you an if chick 
count of the chief Authors, both Areient and Modern, that i 10, 1 
written upon that Subject, and alſo Vulgar Arithmetich ; I Regi 
it convenient to continue the ſame Method, and to give ard; 
Account alſo here of the moſt celebrated Authors that have nie T 
ed of Geometry, both Theorical and Practical, or Applicatt. , F 
- 1 ä 454 
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rate 5 — 1 
50 HE moſt ancient of all theſe, whoſe Works me bave at thi Day, 
ont is Euclid, who about the Tear before the Incarnation of our Sa- 
er, 330, firſt of al collected all thoſe Things which ſeveral Men 


re him, both in Egypt, and alſo in Greece, have found out, and 
bad committed to Writing ;, having thu collected what he could, 


9 dixeſted them into Fifteen Books, which he Entituled The Ele- 
i. ©, Writs of Geometry] and choſe Things that were but careleſly-proved, 
n3) 1 ore accurately demonſtrated, The next ancient Writer to Eucl id, 
(cri. 7 hol? whoſe Forks are extant, # Apollonius , Pergæus, who 


riſh'd in the Time of Ptolemeus Evergetes, i. e. about 2.30 Tears 
re the coming of our Saviour, and conſequently about 100 Tears 
Euclid ; for the Excellency of his Conicks, call d | Magnus Geo- 


40 ra, ] The Great Geometer. The Third of theſe, whoſe Werle are 
„ Di mt, is Archimedes of Syracuſe, who grew very famous not above 


Pears after Apollonius ; and in the Judgment of the ingenious 
learned Gerardi Voſſius, he eclipſed the Brightneſs of all thoſe 
t writ before him. After theſe three famous Mathematicians, 
he following Ages there ſucceeded a vaſl Number of them, 
ſtones Cyreneus, Hiero Alexandrinus, Theodaſius Tripolites ; 
| VOM ſince the Nativity of CHRIST, about the Time of Trajan, 
d the famous Geometrician Menelaus, in the Reign of Theods- 
n tig Magnus, Pappus Alexandrinus, and Theon Alexatidrinus; theſe 
, [1] 8 all Greeks, Of the Arabians and Latins, after ſeveral others 


vn 1: Chriſti 1000, Hermanicus Contractus, who among ſeveral 
th Mer things, writ about the Quadrature of the Circle; after 


ral of the Arabians, who having tranſlated Euclid into their 
Language, tranſmitted it to us by Campanus, Adeclardur, &c. 
chicfeſt and moſt famous among them Nicolaus de Cuſa, ot 


Regiomontanus ; in the Year 1480, Joannes Wernerus ; al- 
yards, about the Year 1490, Hermolaus Barbarus ; about the 
e Nor 1500 Albertus Durerus: Aſter many others Anno 15 20, 
i Fineus, the firſt Profeſſor of Mathematicks in France, 
v 1540 ; Jacobus Peletarius, Profeſſor of Mathematicks, and 
he fame time Nicolaus Copernicus, With his Scholars my Fal- 
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lowers Rheticus and Apianus, &c. In the ſame 5th Age, , 
to the Year 72, flouriſh'd Petrus Ramns, Profeſſor of My 
maticks at Paris, who left Five Books of Arithmetick, and ; 
and Twenty of Geometry; and had Contempories with hi 
France, Franciſcus Fluſſas Candalla, in Italy, Fredericus Comma 
in Germam, Daſypodius and landdrus the former Profeſſy 
Argentina the latter at Heidelberg. Laſtly, about the beginniy 
the Sixteenth Ape, ſucceeded Cbriſtephorus Clavius, Profeſſy 
Mathematicks at Rome, who publiſh'd a new and eaſy C 
mentary upon Euclid's Elements, and after him follow, 
partly went before, famous Geometricians almoſt without 
ber; among which was Chriſtmannus of Heidelberg in Gm 
Pitiſcus in Sileſia, Andrianus Metius of Franeckera in Friſia, li 
brordus Snellius of Leyden in Holland, Barrow in England, al 
Anteceſſors in this Univerſity of Altorf; Arætorius, Swenteru, 
Abdias Trew, who were Men of very great Merit, both ind 
metry, and the other Part of the Mathematicks. 


I Praclical, or Applicate, GEOMET| 


Here are but very few of the Authors above ment 

who have not apply d their Theorical Demonſtni 

to ſome uſe or other, for the common Advantage of Mani 
But thoſe who have treated of this particularly by it ſelf ni 
our laſt Age, are innumerable: Among them is Christ 
vive, who about the beginning of this Age, writ a tediouh 
of Practical Geometry. Albertus Durerius, and after him fn 
Architects, both in Civil and Military Works, as Sebaſtianl 
lius an Italian, Samuel Marolois a Frenchman, WWendeliani Su 
luccbe, and very lately Geirgius Conradus Martius, &c. have 
miſed Practical Geometry, and have alſo deſcribed ſeveri 
ſtruments uſeful therein before their Architectonick Tri 
Fr.mciſcus A Schooten, Profeſſor at Leyden, in a ſmall Treati 
the Conſtruction of Simple Problems, to the Second Book of 
Exercitations,hath joyn d an Appendix, in which he hath tal 
a way to perform the Problems in Surveying, only by the! 
of ſome Sticks. John Pretorius, formerly Profeſſor at 4 
found out the Geometrical Table, an Inſtrument fo 
. ER p I. 
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ge a anneſ and admirable uſe, ought to be prefer d, almoſt before 5 4 
e ocher; the Uſe of which, his Succeſſor Swentorizs ſhews at a 
nd ge in a Treatiſe of his written in the German Tongue, enti- 


ed ſ Practical Geometry ;] in which he hath deliver'd a Method 
rely by the help of a few Sticks, to take Heights and Diſtances, 
d to meaſure the Areas of Fields, Meadows, Woods, Gr far 
xe eaſily and fully than any one before him: Which Book, 
xecially the laſt Edition of it, put out by 4. Boeclerus, I re- 


h hin 
of 
innig 


ofefl 


% amend to the young Beginner before any other of the ſame 
Va; altho Hainlin in his Synopſis Mathernatica, and my Prede- 
out or B. Trew in his Directory, and other of his Treatiſes, and 
Ca vaſt number of other Men have treated of this Subject, 
a, Mh in the German and the Latin Tongue. : 
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Succin& Compendium 
Plain TRIGONOMETR 


For Young Beginners. 


Guan I- 


Ofthe Way of making the TABLES of Sint 
Tangents, Cc. With their V/e. 


* 0 y HAT do you mean here by Trigonometry ? 
The bare Signification of the Word, importeth only 
Meaſuring of Triangles: And ſince in every Triangle ther: 
Things meaſurable or computable, viz. 3 Angles and 3 Lin 
or Sides: We have already in Geometry given you ſome . 
to Meaſure Angles (for Inſtance, on Paper) by the Protratt 

and by the Iuſtrument there preſcrib'd to take Angles i 
Field: We have ſnewed there, alſo, how to Meaſure Line 
| Lengths in the Field by the help of a Ten Foot Rod, or 
Geometrical Perch; and how to meaſure Lines on Paper 
means of the Diagonal Scale, Oc. This J ſay, being d 
there doth yet remain another more accurate Method, by vl 
knowing any three of the above mention'd things (the Cat 
having only the three Angles of a plain Triangle given exc! 
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may find the reſt by Calculation, from the Tables of Lo- 


ch have been calculated for this purpoſe, by the prodigious - 
our of ſome ingenious Mathematicians. And this Method 
alculation is properly Trigonometty; which is of two kinds, 
ane Plain Trigonometry, which treats only about Right lined, 
lin Triangles : The other Spherical which teaches the Way 
ad the Legs and Angles of Curvlineal Triangles form'd by 
three Arches of great Circles, drawn on the Surface of a 
ere: We ſhall only treat of the former of theſe, as being 
re plain and eaſy, the latter relating to an higher part of 

thematicks. f 1 | | 


2, What do you mean by Sines, Tangents and Secants, from whence 
Tables above mention®d take their Names ? Bs, 


By them I underſtand only certain Right Lines which are 

eſary and uſeſul to be conceivd in every Circle, whether 

l or great, Which are expreſs'd by a determinate Number of 
many parts, anſwering proportionally to any Arch of the. 
phery, viz. (that l may explain my Meaning by a Diagram, 
hout which it can hardly be underſtood) in every Circle 
ing drawn through its Middle, or Center, G the line ACB 
g. J.) this, as every One knows, is call'd the Diameter, and 

half CB the Semidiameter, but in this place, more eſpecial- 
the Radius, and is conceiv'd to be divided into 1000, or 
070, or 1000 o, or 10000000 equal parts, (the more 
ts it is divided into, the better it will be) then having af. 
ed any Arch of the Periphery, v, g. B E go Degrees from 

it fall the Perpendicular E F upon the Radius CB, this Line 
alld the Right Sine of the Arch B E, or, (which is the fame 


Chord, or Subtenſe of double the Angle, or Arch E B G. 
om whence it comes to paſs, that continuing the Analogy, the 
t of the Radius F B is called the Sagitta of the whole Arch 
5 C, and the verſed Sine of half the Arch EB. Alſo on the 
nt B erect a Perpendicular, and from the Center C draw a 
e thro E, the Extremity of the aſſumed Arch, until it in- 
tt the faid Perpendicular in the Point D: The former of 
& two is called the Tangent, and the latter the Secant of the 

io 3 - — 


nm, Sines, Tangents and Secants, as they are uſually call dʒ 


hof the Angle B C E, the double of which E F G, iscalld 
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be known: And again, that if the Arch or Angle be known jv 


Verſed Sine in reſpect of eb, Which they call the Sine oft 
1 Hr FO Ions lf. 


ſame Arch E B, or the Angle ECB; ſo that one and l 
fame Arch or Angle hath ſeveral Characters by which it n 


may be known and found alſo. s. 
ng 000 

3.1 fee plainly that leſſer Archs muſt have leſſer Right the 
 Tangents and Secants ; and alſo that larger Archs have all theſe| p, 6 
and anſwerable in proportion to them ; but how theſe Charatten n th 
preciſely define their Archs ; and again, how by knowing the Au the 
theſe Characters can be found, this I dont very well underſtand col! 
This may be known from hence, ' that ſince the Raduf ** 
ſoppoſed, e. g. to be divided into 10000000 equal parts, e 
may define, by a certain Method, how many ſuch part * 
the Radius every ſuch Sine, Tangent and Secant contains, et Rig] 
if the Sine or Tangent, or Secant be but of one Degree, anf 
the Table of Sines, &c. you will, pſ6 facto, find the Ri Fit 
Sine of 1 Degree to be 174.524, and the Tangent of 1 the 
to be 174551 ſuch parts, of which the Radius is ſuppoſed = 
have 10000000; nay, the Right Sine alſo of x Minu: Min 
expreſs'd in ſuch parts, viz. 2909, and likewife the Taugt love 
2909, becauſe in this Caſe it coincides with the Right d ts on 
(#hich otherwiſe is always leſs than the Tangent) from when 5. 41 
alſo appears the Reafon, why ſo great a number of pm Wl, a 
uſually taken for the Radius, viz. that ſuch ſmall Sines u 8 
Tangents might alſo be expreſs d by a ſufficiently large Numt 75 
4 But tobat is that Miet bod whereby every Sine and Tangent, ſo it 
1 Minute to 90 Degrees, F400 Minutes, can be found and Ae Pe 
into Tables ? my „ ” in Nu 
This thing is too difficult to be ſufficiently explain iſ t 
„ e Eu „eee have 
taught in this place; nevertheleſs Ill endeavour to make. * 
underſtand the Reaſon and Foundation of it:. Pix. This i pj ne 


and evident, that the Radius of a Circle ob, arid the Side d 
Hexagon, or the Subtenſe of 60 Degrees, e. g. (FE. V 
equal, i e. both of them 100000co : Therefore ef thel 
of this Subtenſe is the Right Sine of 30 Degrees, viz. 5000 
as may be ſeen in the 'Tables. Nowe b = eF, being ſubmt 
id from the whole Radius ci, will leave for h ; (which 81 
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\mplement ei, or of 60 Deg.) likewiſe 5000000, And 
ei the Side of an Hexagon, or the Subtenſe of 60 Deg. 
,0000000, having ſubtracted the Square of 50090co from 
e of 120000000, it will have the Square of e 
000000000CO, extract the Root of this, and it will gire 
the Sine Complement of the Arch b d, or the Sine of 65 
g. 86602 54; as may be ſeen in the Tables. If you ſub- 
en u this Right Sine eh = eff from the Radius c 6, it will leave 
the Sggitta, or verſed Sine fb, 1339746. And now if 
collect into one Sum, the Square of this verſed Sine 5½ 
i the Square of the Right Sine ef, it will be equal to the 


al are of the Subtenſe it ſelf e b. whoſe Root will therefore be 
cd the Subtenſe it ſelf eb, the half of which e o is equal to 
abt Sine of half the Arch, viz: « be. of 15 Deg. Lalliy, 


fou proceed with this Sine after the ſame manner as before we 
with the Sine e / of the Arch of 30* Grad. you will again 
e the Right Sine of half that Arch, viz. 7 Grad. 30 Mi- 
& ; and by a further Proceſs another of the half 3* Grad. 
Min. Ge. And thus by a laborious Calculation you may 
n ſeveral Right Sines, and alſo verſed Sines, and Comple- 
nts only from one {ide of an Hexagon. 


VO. An can we find by the ſame Methed ſeveral Tangent. and Se- 
js of the ſame Arch of 30 Gr. and of the other Halves ? 


Vithout doubt we may: For if you infer, Firſt, as ef the 
e Complement to S. fe: , : ſo is the Radius or whole Sine 
ſo it is alſo call d, becauſe its the greateſt Sine of all) c 6 
the Perpendicular or Tangent h d, we ſhall have the Tangent 
in Numbers; and, Secondh, if you ſay, as c, Sin. Compl.: 


ada e the Radius:: fo is e Radius to the Secant e d, you will 
ae ave the Number of this derermin'd, and conſequently by 
pl ame Method you may ſucceſſively obtain the Tangents and 
le ants of the biſſected Archs. | 
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6. Now I underſtand very well, bow ſeveral Sines, Tangent, 
| Secants, may be deduced, by Calculation, from the Side of an It, 


gon ( which is equal to rote _ but from whence are the ul 
deduced ? 


From the Sides of: a Trigon, Tetragon, Pentagon, Od 
Decagon, Dodecagon, and Pendecagon; every one of wii 

ſides being to be expreſsd by the ſame parts of the Radius, wn 
not ſo eaſily known; but muſt, with much labour, be wurf pug! 
gated by the help of the Principles demonſtrated by Euclid, li linu 
12. (which can't be taught in this place) but nevertheleſs me 1 
what has been already ſaid, it may eaſily be conceived, thats 
the fide of a Hexagon is equal to the Radius, and thereſoen be R. 
this place contains 10000c00 ; fo the ſides of the Pentag 
Tetragon, and Trigon (being gradually larger than the (ded war. 
an Hexagon) do alſo gradually and proportionably contain mu 
parts than 1c00c020 ; but the ſides of an Octagon, Dec e 
Dodecagon and Quindecagon gradually fewer. Having d¹ m: 
mined the Numbers of every one of theſe Sides, their Hi om: 
give ſo many Sines of half the Archs (for we may eably hn 
the correſponding Archs of every one of the Sides, by only 4 
viding the Periphery 360 gr. by the number of Sides in em 
Polygon) and from theſe primary Sines, all the reſt which {WW ind 
Tangents and Secants muſt be computed, with ſtupendiow|, ff Deg 
bour, by the Method deliver'd in Queſt- 4 and 5. and then mi bes, 
be _ orderly i in the Tables. 8 | 


os B. Becauſe eboſe ching * to be above the Reach and Ce lowny 
city of the young Learner, and perbaps are really ſo, they m 
the firſt time be paſſed over, or quite omitted, and reſerod and 
thoſe of a more ripe Underſtanding, whoſe Advantage we ru 4 
conſult, alſo, in this Matheſis Juvenilis, beginning therefore 
mediate.y at the Tables themſelves, e. g. of A. Uacg, 20 
are as correct as any extant: and omitting the tedious r L 
making ons, ehey my wy, b m_ Aar 0 85 
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I In what een, doth the Uſe of the aforeſaid Table con? 


In ſeveral things, which we ſhall by degrees explain in their 
' order : And, Firſt, in the finding out the Sines, Tangents and 
ants of any given Angle orArchs: And again, Secondh, in find- 
g the Angle or Arch belonging to any given Sine or Tangent. 
wh ur, firſt, to make this more eaſy, you mult. know, that in the 
ele above mention d, and almoſt all others, the Archs to be 
noeh ght, from 1 Min. even to 90 Deg. with all the intermediate 

inutes of every Degree are fo diſtributed into two parts, that 
elk even to the * are found in their Order, upon the 
t Hand Pages of the Tables, being number' d on towards 
doe e Right Hand; but the reſt, viz. from the 45th Deg. to the 

oth, are to be found on the Right Hand Pages, back again 
e vards the Left Hand; and both ways the number of Degr. 

to be found on the top of the Pages, but the Minutes an- 
ex d ro every Deg. in the Left Hand Pages, mult be counted 


„den om the top of the Page downwards in the Right Hand ones, 
Num the bottom upwards, in the Left Hand Margins of them. 
j he 


8. 4 few Examples wil explain the whole Matter. 


nly d 

| . Let the given Arch or Angle 35. 287. and let it be requir d 
chu find their reſpective Sines, Tangents, Sc. Becauſe the N“. 
ob Deg. is leſs than 45, ſeek them on the top of the Left Hand 


nm: ges, proceeding from the beginning of the Tables toward 

ee Right Hand, till you find the 35 Deg. on the top of one 
df the Pages: Then ſeek 28 the number of Minutes annex'd, 
lownwards in the Left Hand Margin of the fame Page, and 
mmediately you will find in the firſt Column towards the Right 
and of that Number the Sine 5802292, and the Tangent 
uli 24 f. 17: Alſo if the given Arch was 54. 33!. becauſe ic 


ren greater than 4 fs it muſt be ſought in the Right Hand Pages 
hom 45, in the laſt Page of the Tables, back again towards 


wo de Left Hand, and the annex d 3 3 Min. becauſe they can't 
bound in this firſt Page, you mult look for them in the fol- 
owing Page towards the Left Hand, having the ſame 54 Deg. 
Written on the top of it; beginning to count from the bottom of 

the Leaf phones * and in the next Column, directly againſt 
bem, you will have their correſponding Sine 81462.19 j 
n a 3 . . | | ah 


fixed before the two laſt Figures? 


| Method of Abbreviation, but even the Sines and Tagents then 
ſelves, as you will perceive by and by, OM 


250 Of TRIGONOMETRY. 
and in the next Column farther, the Tangent 140453. 9 0 
And, & contra, if you had a Sine given, e. g. 489 88.9, on. | 
Tangent 18795 5.24 ; ſince the greateſt of all the Sines in the bib! 
Left Hand pages, is 707 10.68, the given Sine will be four For 
in the Left Hand pages, and in one of the firſt : And ſince u ble 


leaſt Tangent in the Right Hand pages is 1900000, ,in 


qual to the Radius, the preſent, given one being much great ch th 
will be found in the ſame Right Hand pages, counting back z. Mitte 
gain, at a great diſtance from that leaſt. And if both of then Wl 
be found (either exactly, or very nearly differing only a li II. 
in the Right Hand, ar laſt Figure; which Difference in ſuc iWthm! 
large Numbers is inſenſible, and therefore may be neglecte) ben 
there will anſwer to the former (viz. the Sine) in the top of MW For 
the page, 29. gr. and in the Margin 20 Min. to the latter q nns 
the top of the page 60%. and in the Margin 40“. which yey d dis 
Archs wou d have been found, if in the latter Number, inſten Moch. 


| ofthelaſt Figures 24, you had put 38 or 42, or 12, Gur: 


and in the former, inſtead of 97 you had uſed 72 or $4, & oe 
| 9. Bhat is the meaning of that Point, which 3s every where pe 2 


It Ggnifies, that if ſuch a nicety in theſe things be notdeſr' 
as, vi · to find the E parts between two given Term; 
which Curioſities we have neglected in this place: In the 0 
peration, thoſe two Figures ſeparated from the reſt by a point, 
may be wholly neglected, which will abreviate the Operation 
For it was for this very end, that ſuch vaſt Numbers were taken 
for Sines, Tangents and Secants, Co, that altho? the two lil 
Figures were neglected, yet the ſame Arch, and the fame Mi 
nutes might be obtain d. Wherefore if any One intends to cut of 
theſe two laſt Figures every where, for the ſame Reaſon he mul 
alſo cut oft the two laſt Cyphers from the Radius, and ſuppol 
it contain but To0000 parts ; But we ſhall not only omit thi 


1 O.. Bu , 1 
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97 10. But what ii th Reaſon, that in ſome Tables the — 
Org eg * we ng 

TY 11. have fo often mention d, are quite left out? 

ond Formerly the Secants alſo had a particular Column in every 
e ble; but becauſe it has ſince been obſerv d, that all the Pre- 
1 % in Trigenometry, may be refoly'd without Secants, to fave 
ater, rh that Labour and Charge they have in ſome Tables, quite 
ck 3 Niuitted the Column of Secants. | 3 


11. B= 1 ſee inſtead of theſe, ay other Columns, entituled Loga- 
thmi Sinuum, & Logarithmi Tangentium; Nhat do they mean 
them d 8 A | 

Formerly all Trgonometry could be perform'd only by two Co- 
mas of Sines and Tangents; this was done by multiplying 


very d dividing vaſt Numbers by one another, which produced 
ſte Buch tediouſneſs and labour which could not be avoided. Bur 
Gr out the middle of this Age there was found out a Remedy 


xr this Evil, by that renowned Perſon h Neper, Baron of 
rchiſton in Scotland, the happy Inventer of ſeveral new arich- 
tical Artificesz He with great Succeſs, and ingenious Men af- 
wards helping him, and making the Way eaſy when once it was 


rs, en'd, found out Numbers to ſupply the room of theſe Sines 
mi Tangents ; which by Addition and SubtraCtion only wou'd 
e 0. berm that which they could not do without Multiplication 
ont, d Divition. About which thing, whichcoſt ſo much Labour 
101; nd Wit to find it out, and which is now of ſuch immenſe Uſe, 
aten ace we intend not to ſpeak; farther in this place, we ſhall only 
ut you in mind of this; That now, inſtead of Sines and Tan» 
* ents, we have their Logarichms in the Tables, by which we 
t 


ay reſolve any 'Trigonometrical Problem, The natural Smet 


nd Tangents themſelves. (which formerly coſt ſuch great La- 
pot Nou in fnding them out) being alſo publiſh'd with them in 
tu be Books, and particularly in Vlaeg, 
em. | 


12. Now we may come #0. the Praflice of Trigonometry, ſince 
ow ſufficiently explain'd the Contrivance, Origin, and uſe of the 

= = „ „ 
We may fo, after that we have premiſed that which follows ; 
f, That all Triangles, which are uſually given to be teſolv'd, 
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are of two kinds; one of Right angled, as A B C in N. 
and III. The other Oblique angled, which is either Obtug, 
or elſe has all three Angles acute, as in Fig. VIII. and y 
CD B, or ABC. Second!y, That in Right angled Triangh, 
either of the two Sides comprehending the Right Angle, ny 
be taken for the Radius, or the whole Sine, and then the othe 
will be the Tangent of the Angle oppoſite to it; fo that if C 
be taken for the Center of a Circle, and C A for the Radu, 
the other Side A B will be the Tangent of the Arch A D, « 
of the Angle ACD: And if B be taken for the Center, a 
B A for the Radius, the other Side A C will be the Tangent d 
the the Arch A K, or of the Angle ABC; but BC, or CB, h 
both Cafes will be the Secant of the afore - mention d Archs, « 
Angles, (ſee Fig. II.) But if C be taken again for the Center 
a Grele, and CB the Hypothenuſe for the Radius, (which ough 
very frequently to be done if you would have no Secants in th 
Tables) then having deſerib d the Arch of a Circle B D ( 
Fg: III.) the Side A B will be the Right Sine of that Arch, « 
of the Angle BCA: And if B be taken for the Center of the 
Circle to be drawn, or of the circular Arch, and B C be agiin 
taken for the Radius; then having drawn the Arch CF, the 
Side A C will be the Right Sine of this Arch, or of the Ange 
*CDA. | 


C 


he te 
ata 


Le 
0ng, 
oot, 


E 13. But what if the Triangle be Oblique angled d . Ingle 
Then the three Sides of the Triangle, e. g. ABC (Rg. V. 0 


may be taken for ſo many Sines of their oppoſite Angles; «« 
more rightly may be refer'd to one another under the proper 
tion of thoſe Sines. For A B is the Chord, or Subtenſe of the 
Arch mark'd with the fame Letters, or of the Angle at the Cen- 
ter A O B, and fo alſo the other Sides are the Chords of Angla 
AOC and BO C. Therefore the Halves of theſe Chords at 
the Right Sines of half the Angles, equal to thoſe of the Per 
phery, and conſequently ( fince Wholes and Halves are in tht 
fame Ratio) the whole Side A B is in the whole Side B C:; 
23 the half of that, or 8, of the Angle AC B, is to the half d 
this, or 8, of the Angle BAC, Ge. which being premiled bf 
way of Theory, we may now proceed to Probleme, or the Pri: be 
Qice of Trigonomerr), if we do bur add this one thing __ 


he fa 
erwa 
ay « 
metrii 
to 11 


y Lin 
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t whereas the above mention d ingenious Men have invent - 

| Logarithmick Sines and Tangents, which may more com- 
odioully be uſed than the natural ones; fo they have alſo cal- 
lated Logarithms for all natural or common Numbers, from 

to 100000, Which they have publiſh'd alſo for the eaſe of 
alculation ; and you will find them bound up in all Books that 
ntain Tables of Sines, Tangents and Secants, under the Ti- 
|: of Logarithms. | | 


Crap. II. 
Of the Reſolution of Right Angled Triangles. 


F in a Right angled Triangle BA C (Fig. II.) 

beſides the Right Angle at A, there be given prob. I. 
he two Legs comprehending that Angle; having theſe | | 
ata : Shew me how to find the two Angles at B and C? 


Let us ſuppoſe the Leg A C to be 20 Perches, or 200 Foot 
ang, and the Leg AB to be 18 Perches, and 8 Foot, or 188 
oot, tis required from theſe Data to find the 2 
\ngles at Band C. This may be done mecha- 
ically, but leſs accurately thus (which way we 
all alſo teach in all the following Problems, for 
he fake of young Beginners, that they may af- 
erwards the better underſtand the more accurate 
ay of Calculation) If you have ready a Geo- 
metrical Scale well made, and alſo a Protractor nicely divided 

nto its Degrees and Minutes (if it be large enough) firſt draw 
a Line ac, of what length you pleaſe, on a piece of Paper in 

Imitation of Fg. II. containing 200 parts, taken from a 
dale, (for the longer the Lines are drawn, being taken from a 
arge Scale, the more exactly will you find what you feek for) 
and upon the point à ere, geometrically, the Perpendicular ab 
of 188 parts; then having drawn the Hypothenuſe be, appl. 

tie Protractor to both Angles « be, and «cb, exactly, 


The Triangle 
abc u want- 
ing, which is 
there ſupply'd 
inthe follow 
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will find what you ſeek for) and upon the Point a erect geo 
- trically the Perpendicular ab 188 parts; then having dry 
the Hypothenuſe b e, apply the Protractor to both Angles , 
and à e b, exactly, and it will give you the number of Dir 
without any ſenſible Error that are contain d in each. 


i 1 © | what 
1 | quen 
ll. ing t 
, # 4 | As 
19 Wor 
4 by 1; 
1 | (uot 
1 2 which 
1 ext 
i T6 7 Left ] 
„ . 3 md U 
| 2. But ſuppoſe I would have the preciſe Quantity of theſe ani 70 
ll more exact iy, even to 4 Minute? 5 5 
4 Then you muſt make uſe of Trigonometrical Calculation, Wﬀ'9n h 
lt and this may be done two ways; either by Rote, and not u- eſti 
4 derſtanding the Reaſon of the Thing, viz, by following let w 
1 L | Rules given in ſeveral Books about the given Caſe. ( For ie Lc 
1 mong the Caſes of Right angled plain Triangles, prefix d be the ſa 
ll fore the Tables lac, or delivered in ſeveral other Books c . 
| # Trigenometry) I find the preſent Caſe, The Legs being given, to ful altere 
| ebe Acute Angles ; by the Rule deliver'd there, I know tha : '* 
4 muſt proceed in the Operation thus; Of Mays t. 
1 | 0 - 18 


= © As 4c: a b:: Radius: Tangent '; Zofe 
which being known,and ſubtracted from 90®. the other I, wil 
known alſo. ) Or, knowing and underſtanding the Nature of th 
Thing your ſelf, you may find out that Rule and Method of 
Operation, by the following, or ſome ſuch like way of arg: 
ing. Firſt, Sound Reaſon tells us, that from Things know 
and given, we may proceed to Things unknown _ 
| « | | e60n%) 
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cond, That Lines given, as they are vulgarly underſtood, 
may alſo be conſidered under a Trigonometrical Scheme; and 
Gone and the ſame Triangle may be conceiv d as two equian- 
ular ones. As in our preſent Caſe the Lines a c and a l, as they 
re vulgarly known, go before; but afterwards « e being taken 
for the Radius (which is alſo known) I ſee, that according to 
what has been ſaid above in Numb. 1 2. that «a 5 muſt conſe- 
quently be the Tangent of the Angle e; and therefore know- 
ing theſe three, by the Rule of Three, I infallibly ms. 
100 183 10000000 W 

As ac: 46 :: Radius (which is the ſame ae) Tangent e.. 
Working therefore by the Golden-Rule, If I multiply the Radius 
by 188, and divide the Product 1880000000, by 200, the 
Quotient will be . 9400000, the Tangent of the Angle; 
which Tangent car t be found exactly in the Tables; but the 
ext greater to it is 9401579, to which anſwers above in the 
Left Hand Pages 43*. and in the Margin 14'. almoſt, 


1. This Operation was performed after the oll way, by Multiphing 
md Dividing by the Sines and Tangents themſelves, I defire you alſo 
bo reſolve the ſame Queſtion by the Logarithms. . 


ln the preſent Example, where the Multiplication and Divi- 
ſon happen d to be very eaſy, we can't expect to have the 
Veſtion reſolved much more compendiouſly by the Logarithms. 
Yet we will make uſe of them, that the manner of working by 
he Logarithms may be ſhewn by an Example. Since therefore 
the ſame Inference ufed above, may be ſuppoſed alſo here; 


ks 0 As 200: to 188: : Radius: Tangent e ſought ; 
„fi laſtead of - theſe three given Numbers take their Logarithms, 
tha rz 1000 20000 for the Logarithmical Radius, which is al- 


vays the fame, alſo 22741578, the Logarithm of the Num- 
ber 188, from the Tables of the Vulgar Logarithms, and 
23910300 the Logarithm of 200. TO 


as 
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As 200 „ Radius 
As 23010300 : 22741578 :: 100000000 
141890098000 | 
1322741578 


23010300 


99731278 


The ſecond and third inſtead of being multiply d by ones 
nother, are added together (i. e. only prefixing 1. before th 
ſecond Number) and, inſtead of uſing Diviſion, the firſt mil 
be ſubtracted from this Sum, and the Remainder will be th 
Logarithm of the Tangent 997, Go. which being now ſought 
among the Logarithms of Tangents, can't be found exal 
there, but on a little greater 99732008, to which, as beh 
anſwers on the top of the Leaf 43 Deg. and in the Marg 
14 Min. for the Angle e; which ſubtracted from 90 Degree 
leaves the Angle ö 46. Gr. 46. Min. which is obvious withax 
Subtraction, being directly oppoſite to the former in the Right 
Re. :- -- 


4 Having the Hypothenuſe B C (Fig. III.) and one of the Ly 
(e. g. AB) given, to find the Angles ? | 5 
Let the Hypothenuſe B C contain 27 Foot, 
Problem 2. Inches, and 4 Lines of an Inch, or 2744 Line 
and AB 18 Foot and 8 Inches, 1880 Lis 
Fire, If you would find the Angles mechanically, from li 
Dara s, you muſt compleat, by the help of an exactly divide 
plain Scale, the whole Triangle B A C; and then, with li 
Protractor meaſure the Angles. To compleat the Tria 
do thus; Upon the given Hypothenuſe B Cdeſcribe a Semi 
cle, and in it apply the Leg B A: Thus having drawn the L4 
A C you will have compleated the Triangle. Second, IIe 
would perform the fame Trigonometrically, the given Hyp 
thenuſe mult be taken for the Radius(becauſs if you take one 
the Legs for the Radius, the Hypothenuſe will be the Seca 
which are inſerted in moſt Tables. Therefore, —_— 
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-we III. The Leg B A will be the Right Sine of the Angle 

” Wherefore becauſe this Right Sine ought to come in the 
urth place, that ſo we may find the Angle C; tis plain that 
Proportion muſt begin with the common Numbers; and 
erefore we ſay, ; 8 > PRE | 
2 22744: 100000000 -\ 
; the Hypothenuſe B C: Radius:: (which is the ſame B C. 


$8 

A p tothe Right Sine A B ſought. Therefore if you mul- 
ily the third Number by the ſecond (which is very eaſy to 
ne vo done) and divide the Product 18800000000 by 2744 
e U hich is ſomething laborious) the Quotient will be 685 1317, 
uch gives the Right Sine B A, which if you ſeek in the Ta- 
e you will find anſwering to it 43. and almoſt 151. But, 
ah, If you would avoid this tedious Diviſion (which bere- 
er we ſhall always do in the following Problems) and had ra- 
work by the Logarithms, ſeek the Logarithm anſwering 
{arg the Number 1880, viz. — — — 32741 578 

| to it add the Logarithm of the Radius = 100000000 

, only prefix before the firſt Figure of it, 1, 132741578 

d from this Sum ſubtract the Log. of 2744 14382841 


*» 


e Remaind. will be the Log. of the Rt Sine BA 98 257727 
Ich if you look for in the Tables, you will find the neareſt 
5 be 98356722, or the next greateſt 98358066 ; which 

i on the top of the Leaf 430. and almoſt 150. in the Side, 
Lins above. 1 EET. | 

Lua 5. Having the Angles, and only Side given (e. g. AC) tw find 

om Uk other Leg. © Os = | 


+1 ü ice the Leg A C is ſappoſed to contain 200 parts, Firſt, 
ing n transfer into any Right Line, from a large Scale, 200 
Ns for A C, and then at A you- erect a Perpendicular, and 

w# 1 the Point C, if you make an Angle with the Protractor 
43; very nearly; a Line CB, being drawn thro' the ex- 
Hy ne Point of this Angle, will determine the perpendicular 
g AB, which on the former Scale will be found very near 
en. Secondly, But if the fame was given to be tound more ac- 
ding rely by Trigonomerrical 3 „you will eaſily eſti- 
io I 8 ; | mate 
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mate by your own Judgment, how the proportion will be of 
bliſhed. For the Leg A B muſt be found in Vulgar Number 
Therefore we muſt begin with trigonometrical Terms; and (ng 
from the known Side A C, we muſt proceed to find the u 
known AB, it will neceſſarily follow that AC muſt be taken 
the Radius, and eonſequently A B will be the Tangent of th 
Angle: Therefore you can make no other Proportion than ti, 
1000000000 55 | 
As the Radius A C: is to the ſame A C, conlider'd as a leni 
_ 8: Tangent of the Angle C: to AB ſought, or ſuppoſing th 
HFHypothenuſe to be the Radius, then it will be, As the Sined 
the Angle B: to the Line A C:: is the Sine of the Angle( 
to the Line AB. Now, according to the ancient way the Ty 
gent uſed to be taken out of the Table of natural Tangent 
and then to be multiply d by 200, and that Product to bed 
vided by the Radius (both which in this place would not h 
— tedious) yet the thing is much eaſier done by Logarithn 
thus; | | | | 
To the Tangent of the given Angle C— 9.973209 
adding the Logarithm of 200 2.301030 
Their Sum is — 12.274230 
From which if you ſubtract the Radius, which is done by ol 
cutting off the firſt Figure towards the Left Hand, there i 
remain 2. 2742 308, which is the Logarithm of the Side a 
in Numbers 188, . 


6. Is not this Problem of ſome uſe in Practical Geometry 7 - 
Ves; for it may be made uſe of two ways; firſt, in tal 15 1 


acceſſible Heights (as A B in Fig. VI.) at one Station by , ne 
help of an Inſtrument to take Angles. For if at the Station (8. 
taken at pleaſure, you meaſure the Angle «c B, and you fad 
to be, e.g. 40%. and AC, or ac 30 Foot; and if from thei 
you infer, according to the preſent Problem; As Radius 
to the ſame ac 30 Foot : : Tangent of the Angle 400. 
the height a B 25 Foot; to which if you add the height of 
Inſtrument Ce or A «, 4. Foot, you will have the whole beß 
AB 29 Foot. Likewiſe tis uſeful, ſecondly, in taking! 
horizontal Diſtance AB at two Stations (Fig. VII.) which hä 
ceſfible at one Extreme, viz+ if at A by the help of your In 


M | 


ent you make a Right Angle BA C; and taking the arbitrary 


be fame C A taken as 2 Length:: Tangent of $3*; to the 


ſtance A B. 


be Legs. 
Fit, If you take the Hypothenuſe BC, from 
n accurately divided Scale, ſuppoſe of 2744 Problem 4. 
aches; and at B and C, with the Protractor, 
ou make two angles equal to the given ones, viz. that at C 
f43*. 147, and that at B 46%. 46. Right Lines B A and 
A being drawn thro? the Extremities of thoſe angles, will 
putually cut and limit one another, ſo that mechanically they 
my be meaſured from a Geometrical Scale; and this may ſerve 
iſtead of a Proof, whether the Operations were done exactly 
not, if having deſcrib d a Semicircle upon the Hypothenuſẽ 
vill paſs thro the Point A; hut if you wou'd perform the 
me trigonometrically, ſince the thing ſought is a Length; 


230 i plain that the trigonometrical Terms ought to be put firſt: 
7 oj Ind becauſe the Hypothenuſe is given to find a Leg, you muſt 
re le it for the Radius, that ſo it may not be made a Secant, and 
ben B A and C A will be the Right Sines of the oppolite and 


ven angles: From which it neceſſarily follows, that the Pro- 
dortion muſt be made after this manner; 

s Radius B C: is to the ſame B C conſider d as 4 Length : : is 
\BS.of the angle C to the Line or Length A B; or as S: AC: 
o the Line A C. „ cs OY 
herefore working by the Logarithm, in the firſt place you 
nuſt put the Logarithm of the 8. 43. 14/. 9.8356722. 
o this add the Logarith. of the Number 2744 3.483841 
Alo from their Sutn q 1.740563 
ubtract the Logarithm of the Radius, 5. e. cut off the firſt x ; 
nd thus you will have 3.2740 563 the Logarithm of the Side 
\B, which you will find in the Tables to anſwer to the N“. 
58. After the fame manner for the Side A C. oe 

| 8 2 | 
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ſtance As (v. g. 25 Perches) you meaſure the angle C, 530. 
Fr, and proceed before, wx. ſay ing. As Radius CA: isto - 


7. The Angles and Hypothenuſe B C being given, to find either of 
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Ia the firſt place put the Log: of the 8.46, 467. 9.862 471 
and to this add the Log. of he Number 2744 3.438300 
And from their Sum —— 13.300855 
Take away the hrſt Unity, and b will Sos have, 

the Logarithm of the Side A C ——- 3 3008 L 
to which in the Tables of Logarithms, anſwers 2000 
Inches, or 200 Foot. | 


8, The Hypothenuſe _ one Leg being given to find the thy 
Leg. | | 


To do this Mechanically, you muſt wo 
| Problem 4 after the ſame way as was done in Proll. 2 wy 
upon the Hypothenuſe B C, 2744. Inches, 

be aSemicircle,and in it apply the given ide BA 8 80lnchs, 
the Subtenſe or Chord of the remaining arch AC will be theo. 
ther fide fought, to be meaſured from the ſame Scale frag 
which the former. Leg was taken. Secondly, The fame ny 
be done Trigonometrically thus : Firſt you mult find the ange 
by Probl. 2. and then, by the help of theſe, the other Ley 
ſought by Probl. 3. or 4. Thirdly, This Problem may allo be 
reſolved without Trigonometry; and yet by an > ge Cab 
-  eulation, by the Pythagorick Theorem, viz. If the ſquare of ti 
fide BA, 353440 be Tubrrafted from the ſquare of the Hype 
thenuſe 7529536, the Remainder 399 5136 will be the ſquar 
of the remaining Leg A C. It therefore you extract the Rot 
of this Number, viz. 1999 Inches, or 199 Foot, 9 Inches 
or in a round Number 200 Foot, it will be the fide ſought. 


9. The Angles and a Side being given, to 2 the * 
(BC in Fig. = 
| This may be done Mechanically, if your 

Problem 6. the given Leg, e. g. BA 1880 from a good 
Scale, and at the end of it A, you erect a Per 

pendicular, and at B make the angle contiguous to the (ide B 
to contain 46. 46 /; (ſee Fig III.) For if thro? the Extrem- 
ty of this angle, you draw the Right Line BC, determined ij 
the Perpendicular A C, it will be the Hypothenuſe fought, and 
at the ſame time determines the other Leg A C. Secondly, but 
if you are to do it Trigonometrically, m"_ will eabiy jo 
(i 
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Fig. III. ) becauſe the Hypothenuſe muſt be had in common 
-afure, that ſince as the Radius: to the fame conlider'd as a 
ength; and 4s BA the Right Sine: to the fame taken as a 
ength; therefore you muſt infer after this manner; 

As the Right Sine of the angle 43. 14/: tothe given 

ide BA 1880:: Radius B C: to Hypothenuſe BC: 
'herefore to the Logarithm of the N“. 1880, 3.2741578 
uft be added the Log. of the Radius, which * 1 
one by prefixing 1 before the firſt Figure, — 3-274 137 
nd from this Sum ſubtract the Logarithm . RIP nM 
e Right Sine 4.3% 147. ————\} 293 


ed che Remainder — — 34384856 
„in be the Logarithm of the Hypothenuſe, whoſe correſpond- 
cha Number in the Tables is 2744 Inches. 3 


10. The Legs bring given, to find the Hypothenuſe. 
Fiſt, There is nothing more eaſy than to do 


is Mechanically: For if you ſet one of the Problem 7. 
e B A exactly perpendicular upon the o- 3 
oer A C, the Hypothenuſe B C will neceſſarily be known, 
e ſcbch muſt be meaſured from the ſame Scale from whence the 


gs were taken. Secondly, The Hypothenuſe ſought may be 


hype tan d more accurately, and yet without I rigonometry, by 
que bc hagorick Theorem, if the Squares of the given Legs 1880 
Raue 2.0000 (viz. 3534400 and 4000000) be added into one 
ci m, and from this (7 5 34400) you extract the Square Root 


4 Thirdly, But if you'd reſolve this Problem alſo by the 
ſigonometrical· Tables, the Legs being given, you mult f rſt 
Ip Angles by Problem I. and then the Hypothenuſe by 
1 l, 6. | : 2 | LN SETS: | 
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ꝙ— 


Crap. Ul. 
ot the Keſolution of Oblique led Triangle 


J. 1 HE Angle, * an Obeſe angled Triangle 2 DB (Fig 
VIII.) End alſo the Baſe C D being given, to find i 


Perpendicular B A, falling from B upon the Baſe CD produced, 


I. This may be done Mechanically very eall 
Problems 8. if from a large and well divided Scale, from: 
indefinite Line you cut off the given Line Cl 
. 100 Foot) then at C and D deſcribe the given ang 
0 50. and 106. 2) and thro? their Extremities draw Rig 
Lines from C and B, mutually interſecting each other in | 
Laſtly, from this Point of Interſection B ler fall the Perpendicy 
lar BA upon the continued C D A, which after wards muſt b 
meaſured from the ſame Scale. 
II. This may alſo be done by degrees, by the Foundati 
we laid in Numb. 13. of Oblique angled Trangles, by TIE 
2 $5 307: | 


As the Sine of the Angle CBD: to the Line ch. i : 


50: 
= le C: to the Line C D. 
and by adding to the oo of the Right Sine 50 9.88415, 
the Logarithm of the Number 10 Foot . _ 2.000000 


* 


And from their Sum —_— - —— — 1 1. 884254 
: ſubtracting the Log. of the Right Sine 230 oo, 9600699 


you will have the Remainder — — 2.28350 
hich is the Logarithm of the fide B D; to which in theT 
les of Logarichms you will find anſwering 192 Foot. 
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III. 4 by inferring, according to Problem IV. or Number 20. 
if the laſt Chapter. „ 

As Radius BD: to the ſame conſider'd, as a Length (192) 
: Right Sine B A of the angle BDA 73. 30/.: to the fame 
n Line. | Rog 
Therefore to the Logarithm of the ſine BA 9.9817370 
ad the Logarithm of 192 Foot — — 2.283301% 


ind from the Sum —— — I; 
ſbtralt the Logarithm of the Radius, 5. e. take away the firſt 
1, and you will have the Log. of the Line BA 2.2650382. 
ybich is the Logarithm of the Number 184 Foot. 


2. Teach me now the Uſe that theſe have in Practical, er Appli- 
ute, Geometry 8 5 

Theſe are uſeful for taking inacceſſible Heights, e. g. of a 
Hil or Tower, to whoſe perpendicular Height A B you can't 
proach (ſee Fig. IX.) For having taken the ſtation C at plea- 
ſure, go forwards from it as far as you can, or as far as you 
pleaſe, even to D or d; then with a Quadrant, or ſome ſuch 
lle Inſtrument, meaſure the angle at e, 35*. 300. and the 
ugle at 50. which angles being thus found, the others will 
tk known alſo. Taking therefore the Height 4B for the Ra- 
dus, and c d, 32 Foot, for the difference of the Tangents at 
the two angles about B: Likewiſe having made the Proportion 
nd perform d the remaining part of the Operation, juſt as was 
(one in the preceeding Problem; you will have B 4 very near 
57 Foot; that is, allowing ſomething for the Error of the 
Caculation, and having added to it the height of the Inſtrument 


dati 
errin 


: St 


4.2 54885 Foor, the whole height BA will be 62 Foot. 

O00 4 — | 

= 3. The two Sides AC and BC being given (Fig. II.) and alſo 
5 „4 ½% (e. g. B) oppoſite to the Side A C; to find the Angle A, 


Mpaſte to the other Side BC; and having thus found the third Angle 
O rocompute alſo the third Side AB. 1 


Becauſe the ſides of Oblique angled Triangles 
tre to one another, as the right ſines of the op- Problem 9. 
polite angles, and ſince the given angle B is 50˙. 
ind the: hing ſought is an Arch or Angle, and therefore a Tri- 
denometrical Term; we muſt begin the Proportion in common 
„ Numbers 


357 
be J 


II. 4 
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KN and it will ſtand thus: 50 Foot; 


; As AC: to the Gat conſider'd as a Right line :: BC: : to the 
ame conſider'd as the Right fine of the angle A. 

If therefore to the Logarithm of 50 Foot — 1.6989709 

I add the Logarithmick Right ſine of 50% — + 9.884240 

And from the Sum — — 111.5832240 

I ſubtract the Logarithm 62 Ts 1.792391) 


The Remainder _— 9.798323 
is the Right ſine of the angle A, to which in the Tables o 
Sines, anſwereth 38“. 9/. And therefore the angle C willbe 
the Complement of the other two B and A, 91. 5 1. 
Wherefore now, Secondly, all the angles being known, and 
the two ſides oppoſite to them, the third ſide may alſo be found 
ſaying, As the * line of the oppolite _ to the ld 
62: "> FO% 
AC:: ſo is the Ripht Ga: to the ſde A B. 


e thir, 


For if to the Log. Right ſine 92.51% G. e.) 88. 9. Here 
Complement to 180% — — $.9997736 qult no 
there be added the Logarithm of 62 Foot — 1.79239 17 Miſ"29% 
8 ſlerem 


And from their Sum < — L796 
you ſubtract the Logarithmical S. R. 4 o gr. 9.8842540 


There will remain the Log of the ſide AB 1 9079113 
to which in the Tables anſwers 8 1 Foot. | 


ly as 
0 is 
lite ke 
ſbereff 


4. Hath this Caſe alſo am uſe in Applicate Geometry d 


It bath ſo; and that is in taking a Diſtance, v. g. A C (Fi 
X.) which is acceſſible only at one Extreme; which Diltanc 
muſt be taken at two ſtations A and B; viz, I chooſe out thel 
two ſtations at pleaſure, and firſt of all I meaſure: the diſtand 
. them, 6. g. 60 Perches; and then I meaſure the an 

es at A and B, which are made by the ſines A C and BC 
— to the place C, whoſe diſtance from A, l deſire to know 


16 D, 

fr the 
dtiguo 
DB bei 


which angles ſuppoſe, e. g that at A to be 62. 15' that at Hy be! 
437. 200. which being given, the third angle C, altho inac 

ceſſible, will now be known, and is 74*. 25'. Therefore t Eurem. 

obtain the diſtance AC in common Meaſure, according tt 

Numb. 2. of the n Problem, we muſt begin with the rig 


— 
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r:conometrical Terms, and alſo from the given line AB, to 
» line ſought A C, the proportion muſt be thus made; 

OR, 74. 251, so Perches. 
4; the right ſine of the angle C: to the line A B:: right line 


200. : 


25 of the angle B: to the diſtance A C. 1 7 
Wherefore to the Log. of the fine of 430. 20! 9.836477 
5 4d the Logarithm of the Number 60 Perches 1,7781512. 


ud from their Sum —_ — — — 11.6146283 . 
raft the Logarithmick ſine of 747. 25!. 99837348 
e Remainder - — — 609 
the Logarithm of the diſtance ſought, whoſe correſpondiag 
unber in the Tables, is 43 Perches. NV 


5. Two fides AC and BC (Fg. II.) with the interjacent An 
0 being given, to find the reſt of the Angles, and conſequettly 
Here from one (ide known, v. g. AC, we 
wt not conclude that we can find the other Problem X. 
own ſide A B, according to the General 
nem in Oblique angled Triangles; becauſe AC is known 
fly as a length, and not as a right ſine; ſince the oppoſite 
ye is ſuppoſed to be unknown, as alſo one of the ſides op 
te to the other B C, and only one of the angle C is given, 
\herefore from the given ſides A C 62 Foot, BC 50 Foot, 
(the interjacent angle C, 91. 51!, that we may firſt, find 
© reſt of the angles, the Triangle muſt be reſolv d into two 


; (FigMitangled ones, by letting fall a perpendicular B D upon one 
(tance the given ſides, (v g. AC) from an angle B oppoſite to it. 
the bich being done, Firſt, in the little right angled Triangle 
tan D, the Hypothenuſe B C, and all the angles being given 
he auer the angle C is 91. 51/. therefore the external angle BCD 
| B Cllniiguous to it, is 887. 9/, its Complement to a right angle 


0B being not above 1*. 51.) both the Legs BD and CD 


t at My be found, viz. by inferring, according to the common 
inac | | Fo Foot 

ore tirem. 1. As the Radius BC: to the Hypothenuſe B C:: 

ing tc 88 90. „ : 8 i | 

ith th te right ſine BD: to the ſame BD taken as a length. 
Tri | n | | 2, Like 
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oF 
2. Like wiſe, as Radius B G: to the gepennt dcr. by 
fine CD of the angle B 1“. F1'.: to the line CD. 
In the former Caſe, to the Log ſine 88. 97. 9. 99177 
maiuſt be added the Log. of the Number 50 Foot x. 1.698900 


And from their Sum — — 116988436 
you muſt ſubtract the Log. of Rad.c.e. the 1ſt i. dr 6083 
muſt be cut off and there will remain the Log. {2999436 
To which anſwers in the Tables very wm the Number; 
Foot for the Perpendicular B D. 

In the latter, to the Log. fine 1. 51. — 8 50897 36 
muſt be added the Log. of the Hyp. 50 Foor 1.6989 700 


And from their Sum — — 10 2094306 
muſt be ſubtracted the Log. of Radius, which is 
hard. 0-207949 


| e * 
hich 
hich- 
be {1 ü d 


le, c 
he line 
EN 
Imoſt 
| ich f 
ja the 
IN AB 
Retrical 
ur this 
tance t 
wubleſ 
), 2nd 
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etrical 


done by cutting off the fil Fi igure 1; ſo that 
the Remainder is 
Which in the Tables you will find to be nearly the Log. of o 
7 5 Foot for C D. 


NN. B. F for the ap FO Foot, you FOR 50 Inche 
then B D and CD, will be found more exactly, viz. the fi 
mer almſt 500 Inches, the latter 16. | IS 


Now therefore II. in the right angled QB DA, From i 
Perpendicular BD 5oo Inches, and the Baſe A D 626 Inch 
viz. having added to AC, which is 62 Foot, or 620 Inche 
CD 16 Inches) according to Problem I. you will have the 
gles at A, and DBA, by inferring thus ; 


636 Iaches, 500 Inches. 
3. As the Leg AD: to the Leg DB: 2 Radius: to th; 
Tangent of the Angle A | eurthl 
The Logarithm of Fo0 Inches — 2 698970 3 
To which prefix 1. — 12.699 B! 
From this ſubtract the Log. 0 636 — 2.0;4 AB. 
9.895 5124006 


To which 3 in the Tables anſwereth 38*. 10. * the Angle 
Therefore its e to the Ripht Angle DBA, i ; 
$01. from which i you ſubtract the little Angle CBD 15 


de 


re will remain the Angle CB A, which is very near 50 dig. 
ch is the fame quantity which was ſuppoſed in Probl. 9. from 
lich and the other Angle A 38*. 9/. (here 10/,) we found 


$7260): ide AB; and we may proceed the ſame way, if the Per. 
o70oadicular B D fall within the Triangle ACB, the Angle ACB 


rng conſiderably leſs. | 
6, What is the Uſe of this Problem in Prafice ? 


lt is chiefly uſeful ; Firſt, in meaſuring inacceſſible Diſtances 
fp. XI.) viz- if there be an interjacent Wood, or ſome ſuch 
e Obſtacle that hinders a Paſſage or Proſpect from B to A, 
it acceſſible from a third place C, ſo that the ſides C A and 
B may be meaſured. This Caſe in Mechanical Practice is 
y eaſy to be done, eſpecially by the help of the Prætorian- 
I, or upon Paper or any other Table (for having drawn 
line AC 62 Foot, or 620 Inches, taken from a well divid- 
(Scale, if at C you make an Angle of 91 deg. 5 1 min. i. e. 


hich from the ſame Scale make 50 Foot, or 500 Inches; and 
ache Points A and B with the right line A B, then take this 


errically tis very laborious, as hath been ſhewn'in Numb. 5. 


knce that is inacceſſible every way ( Fig. 2.) is much more 


In ind E; in which, firſt, all the Angles ACB, ACD, ADC, 
1 b on the other ſide ACE and AEC, muſt be taken by a Geo- 


etrical Inftrument, and the Diſtances between the Stations 
ſt be meaſured. Secondly, by RP of the A BE C, 
e fide B C of the greateſt Triangle A B C muſt be found. 


durthly, by means of the A ABC, and its ſides A C and 
C, which are already found, as alſo the intercepted angle 
CB by the preceeding Problem 10. the angles CBA and 


Az may be found; and, laſtly, by the help of theſe, the 
512 ered Diſtance AB muſt be found. For the fake of the 
ngle ¶ ung Student we ſhall not think it tedious to explain this la- 
is Ji rious Calculation by an Example; ſuppoſing that the angles 
ln, ö tthe ſtations C, D and E are known. | | 


I In 
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— = 
_ —— 2 — 


Imoſt 92. deg. and thro its Vertex you draw the line CB, 


ie AB from the ſame Scale and tis done) to do this Trigono- 
u this fame Calculation, in the ſecond Caſe, of taking a Di- 


nubleſome, which muſt be done by taking three Stations C., 


Thirdly, likewiſe in the O A CD, the fide A C muſt be found. 


— 8 _ 3 2 - 5 == — 
— . — —— — - 
- S— EZ — — 


 _ will alſo be known, if you ſubtract the ſum of the other two 
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I. In the A B CE; all the angles being known, / for Eg 


E 110 deg. and at C 462, i. e. 156 + deg. from 180, the Re 
mainder will be the angle EBB (23. ) for the fide BC 
have the following proportion, by the common Theorem, 

h 0 23 deg. 30 min.: I 60 Foot 27 
As the ſine of the angle EBC: to the line EC:: fire; 
110 deg. | | | 

the angle B E C: to the line BC, 5 
To the Log. right ſine 1 10 deg. or 70 deg. — 9. 9729859 
add the Logarithm of the Number 160 Foot 2. 2041200 
And from their Sum _— = — 12.177 1056 
ſubtract the Logarithmical right ſine of 235. 30, 9.600699 
The Remainder = — — 2.576406 
is the Logarithm of the line B C, whoſe Number in the Tall 
377 Inches. T | 

II. In like manner, in the A A C D, all the angles ben 
known (for DAC will be known, if you ſubtract the Sum 
the two angles at D 1082, and at C 384 dep, i. e. 14.7 dy 
from 180 deg. the Remainder 33 deg. being the angle DA 
for the ſide A C, this will be this proportion; 


| 33 deg. 2270 Inches. 

As the fine of the angle C A D: to the line CD :: ſine 
108 dep. 30 min. 

of the angle CD A: to the {ide A C. 

To the Log. fine 1087. 300. or 71%. 30“. 9.969566 


1 


Add the Logarichm of 2 50 Inches 2.397940 


and from their Sum —— — - 12.3748966 
ſubtract the Logarith. ſine 33 deg——— 9.231089 


The Remainder — — 2.638787 
Is the Logarithm of the ſide A C, whoſe Number in the Ta 
bles you ll find to be 435 Inches. „„ 
III. Now therefore we have the Caſe in Problem To. Fo 
the legs of the Triangle AB C, wx, BC 377, and AC 43j 
are given, With the interjacent A C B 106 deg. W herefor 
having reſolved the Triangle into two right angled ones, vn 
ACF (whoſe angle R CF is the complement of the ang 


AC B to two right ones, viz. 74 deg. and the — 
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uu a tight one CAF 16 deg.) and AB F. Firſt, for the 
0 ependicular AF, in the — Triangle we muſt infer thus 
ding to the general Theorem z As Radius: to Hypothenuſe 
5 Inches. 


:: fine of the angle FCA 74 deg. to the perpendicular 


. 
othe logurichinical ſine of 74 „ 99828416 
4 the Log. of the Number 4.35 nches — 2.284892 


id from the Sum cut off 1. — 6213309 
There will remain the logarithm of the perpendicular A F, 
hoſe Number in the Tables is 419 Inches. Secondly, for 
r; | 435 Inches :: 16. 
1s Radius: to Hypothenuſe AC:: ſine ofthe angle FAC : 
to the Baſe F C. 

[o the logarith. {ine 16 deg. — — 24487385 
the logarithm ———— — 2.63 84893 
id from their Sum cut off 1. — 72. T2. 0788274 
he remainder is the logarithm of the baſe FC, whoſe Nume 
in the Tables is 120 Inches. Wherefore now, fourthly, 


0120 Inches. Therefore B F ( which is compounded of 
C377, and F C120) is 497. Wherefore for the "PO 
) infer from Problem 1. 


4 419 
bs the leg BF: to the leg A Fe : radius BF: to the tangent 
af the angle B. * he 
the logarithm of 419 Inches—— 2. 6222 140 
ONT — 12.6222140 
from this Sum ſubtract the log. of 497 inches 2. 6963564 


be remainder is the logarithmick tangent AF 9.92 58576 
0 which anſwereth in the Tables, tang, 40 deg. 8 min. for 
tangle B. Hence (2.) alſo for AB — thus: 

40. 8, 435 Inches. 106“. 
as the ſine of the angle B: to AC:: right fine angle C: 
to the ſide A B. 


To 


the AFB, the perpendicular A F will be 419 Inches, and 


| To che log ſine of 106 dey. or. its compl. 74 deg. 9.982841 


And from their Sum . 12.627330 


ſeveral ways of Operation in Practice, whereby we may fr 


ſcribed the Arch BEF, If you ſay (according to the 365 


Baſe EC 135. 


Operations: And, 


8 out the Logarithms, viz. by multiply ing according to the alt! 
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Add the logarithm of 435 Inches 2 638.5, 


Subtract the logarithmical tine of 40 deg. 8 min. 9.8 09269 
The remainder is the log. of the fide AB — 2.81206; 
Whoſe Numbers in the Tables you will find to be 648, 
Inches for the length AB. Allowing for ſome ſmall Error in 
culation. 5 | 8 . 
Thbereſore tis now evident what a vaſt Toil and Labour 
is to work this Caſe of Fig. XII. by trigonometrical Calculati 
which may otherwiſe be done by the help of the Plain T: 
and the geometrical Scale, very readily and with much pl, 
ſure : So that we may ſee of what advantage it is to know 


chooſe that way which will perform the thing required, ei 
with the greateſt accuracy and exactneſs, or with the great 
facility, _ 

7. In an Oblique angled Triangle (A B C, Fig. XIII.) or « 
ther whatever, the three Sides being given (A B, v. g. 30 
AC 39, and B C 45) 10 find all the angles. 


Having let fall the Perpendicular A D upon the longeſt 
BC; and with the diſtance of the ſhorteſt ſide A B having 


of Euclid, lib. 3.) As BC 45 Foot: to AB +B C69 Fo 
As the whole Baſe : to the Sum of the ſides:: ſo%is the 
ference of the ſides: to the difference of the Segments of 


Now ſubtract this diſſerence from the Baſe, and the remain 
of the Baſe will be divided into two equal parts by the Perf 
dicular AD; ſo that the Segment B D is 154 and DC 2 
and by this means, in the right angled triangles A DB 
A D C, having given the Hypothenuſes A B and A C. 
knowing alſo the Baſes B D and D C, the angles may befc 
by Problem 2. For the fake of Tyro's, we ſhall alſo work ib 


HFiuſt, Becauſe the Numbers of the given ſides are ſmall, w 


rs 


po 


8,08" made above, 69 by 9; and dividing the Product, 62 1, 


9 621 ( 13.35, or (dividing the Fraction above and below 


36 | Dp: 
bor u will have the difference E C between the Segments of che 


h pA ions, Or if you wou'd rather have the fame work'd by 


ww carithms ; | 


the log. of the number 9 Foot, or 90 Inches 19542425 
i the logarithm of 69 Foot, or 690 Inches 2.8388491 
jd from their Sum ————— 4.790916 
ct the logarithm 45 Foot, or 450 Inches 2.6532125 
re will remain the log. of the difference EC 2.1398791 
hoſe correſponding Number in the Tables is exactly 138 
thes, which is preciſely the fame with 13 Foot, 8 Inches, 
geſt .f of a Foot. ba | 2 1 
Tirdy, Theſe 138 Inches being fubtracted from the Baſe 
C(450) will leave 312 for the part BE, whoſe half 156, 
W's the Portion B D in the right angled & ABD; fo that 
ts of WF) from the hypothenuſe B A, and one of the legs BD, by 
em 2, we may find the angles B and B A D, viz. by infee 
maine 4 | 


300 Inches 0 . I 56 Inches. 
CBA the hypothenuſe: to radius : : ſo is the leg B D to the 
) B ne of the angle BAD. . | 

c Wherefore to the logarithm of the numb. 156 2.193 1246 

be fc the log. of radius, 3. e. prefix 1. 12.193 1246 


ork rom this ſum ſubtract the log · of the N. 300 244771212 


1 9.7780034 
ll, vi Which anſwers in the Tables 3 1 dig. 20 min. and over · a· 


the t it, for irs complement, or angle B 58 &. 40 min. Ii 


manner, alſo, Fourthls, 
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= Add therefore to the logar. of 294. 
the log. of the radius, 5, e. prefix 1. 


not one Minute too little or too much, which ſeldom hapy 


finding out the three Angles of a Triangle ? 


27: Of TRIGONOMETR7, 
- Fourthly, In the right angled A A D C, the angles A Cl 
CAD may be found, ck. 


As the Hypothenuſe A C: to the Sine conſider d as Radiy 


| 294 | 5 
ſio is che part DC: to the Sine of the angle CAD. 
= 2.46834) 


12.468347 
And from the Sum ſubtract the log. of 390 — 2.59 10646 


The Remainder is the log .of the right ſine 9. 4 
of the angle CAD : 75.877203 5, 
anſwering which, in the Tables, you will find 48 deg. 56% 
and againſt it its complement, or the angle C 41 deg. 4 un 


And, Laſth, joyning the angle BAD 31 deg. 20 win, Hing 
CAD48 deg. 56 min. you will alſo have the whole third: 
gle A, or BA C, 80 dey. 16 min. which being added tot 
other two at C and B, makes preciſely 180 deg. there bei 


8. Has not b Problem ſome other uſe in Practice, befite 


| & a 

It hath alſo this other Uſe, viz. having the three ſides of Wh 7e 

oblique angled triangle given, to find the Perpendicular A. an 

and by the help of this 2 may afterwards find the ſuperſq . e 

area of the triangle. To find the perpendicular you may work Wii 5:2: 
either triangle, viz. ADB, or ADC, according to Problem 

(and alſo according to Numb. 3, and 4) and from 4. you n : 

W | JAP 

3090 Inches. moſt 

As radius A C: to the fame A C, taken as a length:: feat. 

. 41˙. 47. ü 

the (ine of the angle C: to the perpendicular A D fough pe 
Wherefore to the logar. ſine of 4.1 dey. 4 min. 9.81752} 

add the log, of the Number 390. Äk—;R(:C 2.591064 5y of 

and from their Sum cut off 1, ——— 72.488588 


the remainder of the logarithm of the perpendicular AD, wh 
Number in the Tables you'll, find to be 256, vix. Inch Yeu 
whoſe half 128, multiply d into the Baſe B C 
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Baſe 450 


of | Or half the _— 128 
che Ferpend. 128 Whole Baſe 450 
360 5 648 
dius 90 5 
A | 5760 
„of the 5760 O Inches, 5. e. having cut off the two 
47M figures,- 57 Foot and 60 Inches; 1 09 of which makes ons 
ire Foot; as 100 Foot make a ſquare Perch. 


he found ; ſo on the contrary, having the three Angles given, ear 
fd the fides ? | i 
y no means. For ſince there may be found innumerable 


angular Triangles, both great and ſmall, and all ſizes, ha- 
the fame Angles, all the ſides, as well of the leaſt as of the 


he ſame reaſon one ought to be found as well as another, 
ich is abſurd and impoſſible. And now to finiſh this Trea- 
of Plain Trigonometry, we ſhall only add this one thing far. 


Tut all the Problems hitherto given about Right angled Triangles, 

le reſolv'd by one only General Theorem ; becauſs all the Sides are 

wm another as the Sines of their oppoſite Angle: For theſe alſd 

th are oppoſite to the Right Angles, are reckon'd as Sines, vis. 
lines or Radius. : 


APPPNDIR) containing the Names of the 
wt celebrated Authors that have Publiſhd any 
Treatiſe of Trigonometry for theſe two laſt Ages 
ud this preſent One. = 


75 he Year of our Lord 1464, Fob. Millerus Regiomontaiitt 
106% writ a Book about Triangles ; Printed at Venice. Nichol af 
38 580 u, that famous and excellent Mathematiciati, amon 
D, Wh elt of his Works, compleated a Canon of Triangles, an 


le Year 1540, he wrote both Plain and Spherical Ttigos 
, 2b tar as related to ＋ Point he was upon ma 


40d, ar from the three ſides bring given, all the chres AU 


ateſt Triangles; nay none of them can be found, becauſe 
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dy. In the Year 1620. NMetius publiſh'd his Book of 5. 
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whom the induſtrious Henry Briggs, Profeſſor of Geometry 
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three laſt Chapters of his firſt, Book of Revolution, N 
after him came Joachimus Rhetieur, his Diſciple, who began 
Canon of the ſame nature, which afterwards, as Rbeticu defir'y 
Valentinus Otho, Mathematician to the Elector Frederick the I 
compleated, which afterwards was amended and improved þ 
Pitiſeus, who together with it publiſh'd five Books of T. 
#:y, or of the Dimenſion of Triangles, which in his third þ 
dition, Anno Dom. 1612, augmented with ſeveral new Pr, 
blems, which is a very good Book, and will be of very pre 
ſervice to thoſe who intend to make a good progreſs in this dt 


= 


Trigonemetry, In the Year 1634. was publiſh'd at Amer 
in theFrencbTongue,the Mathematical Works of Stevinur; v 
in his 2d. Volume gives you the the Doctrine of both Plain 
Spherical "Triangles, together with the Conſtrudtions of f 
Tables of Sines and Tangents, and their particular Applicaty 
to Geography and Aſtronomy ; but in the firſt place the excl 
Lord Neper ought to be remember'd, who firſt invented the 
garithms, which he publiſh'd about the middle of this 4 
and by that admirable Invention wonderfully abridg'd the f 
mer way of working by natural Sines and Tangents. 4 


,\ 
W 
lone 
to def 
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eflity 
nd N 
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| Oxford, very much improved the Canon of Logarithms, 4Miſſttemſc 
reduced them to a Form much more eaſy for Practice; VH n Art 
Adrian Ulacq, in a ſecond Edition, did yet farther improve. de fan 
mong the Moderns Gaſper Schortus deſerves a very hunouraiW'hole 
mention, who in his Curſus Mathematics, Book IV. gives el (fo 
both a theorical and practical 1 rigonometry, but there wih ich A; 
the uſe of Logarithms, whoſe Foundation, Reaſon and Apa eaſil 
cation to the Practice of Trigonometry, he gives afterwardtom le 
at the End of his 27th Book. AÆgidius Strauchuus in his Ta rhich 
Printed at Miriemberg in the Year 1672, gives us a Table Wlfether i 
Natural Sines and Tangents, together with their correſpandiſ new 


ve 
ſults 
ts the 


Logarithmick ones; as alſo a Table of Logarithms of com 
Numbers, in a very compendious Form; and ſhews their 
and Application by very tuccinct and {ſhort Rules, which 

afterwards reprinted (the former Impreſſion being out of Pr 
by Chriſtopher Gruneberg, Profeſſor of Mathematicks in the 
lectorate of Treves 8 | 
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INTRODUCTION 
= the ART of 
Fo RTIFICATIO N 


. 5 Y H A T do you mean in this place by Fottification ? 


We don't mean, Firft, That Art, whereby Men, whether 
lone, or joyn'd in a Society, have in every Age endeavour'd 


bdefend themſelves againſt the Injuries of the Weather, and o- 


her lnconveniencies that naturally attended them, which Nea 
effity bath ſince, by degrees, been turn d into Sumptuouſneſs 
nd Magnificence; for this is a part of Civil Archirefture : Nor 
o we mean, Seconuly, That Care which Men take to defend 


themſelves againſt the Fury of Wild Beaſts, which fight with 
to Art nor Cunning, but only by open Force, and always with 
the fame ſort of Weapons, falling upon a Man, not by 
whole Companies of them together, much leſs in orderly Bat- 
kl! (for in this Caſe there need not much Art, but to prevent 
ich Attacks as theſe, any plain ſort of Hedges, which cannot 
reaſily broken down, and which is high enough to keep them 
hom leaping over, is ſufficient; ) but that, Third, Art by 
Iich combined Bodies or Societies of Men being gathered to- 
gether into one place for the common ſafety, do all they can: 

I) new Inventions of Defenſive, and, the more is the pity, Of- 


ive Miſchief, to defend themſelves againſt the Attacks and 
ales of Enemies equally skill'd in the wicked ways of aflault* 


ts them. 
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with Fire, let the Inhabitants do what they could to defen- 


Therefore, Secondly, they began to build Walls, and with fol 


withſtand the furious Blows of the battering Ram, and othe 
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eondly, Alſo the Enemies AB C D E, when they were Skirwill 
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2. What were the firſt | and moſt ſimple Ways and Kina: of For 


© ,* 0 13 
tiication ? | 1 


| nye 

The hrſt were wooden Pales (now call'd Palifadoes) with b 
which every Man, at firſt when they began to make Societe vi 
and Corporations, ſurrounded their Houſes ; which are ſtill uſet unk 
among the Barbarians in Virginia, and other parts of Ami Ino) 


But becaule theſe could be eaſily cut down with Axes and bum | 


them, being moſt times inferiour in number to their Enemies 


Stone, or with Earth caſt together in heaps, and theſe Wal 
or Moles they made of a ſufficient thickneſs and breadth, t 


warlike Engines, and fo that on the top of them might ſtand 
conliderable number of Defendants, who by caſting of Stone 
and Darts at a great diſtance, might drive away thoſe that we 
approaching them, and alſo reſiſt them that were aſcending 
their ſcaling Ladders, N = 


2. Did they ſuppoſe then that they were ſecure enough when tl 
were upon their Walls ? | 


Nat in the leaſt : For, Firſt, the Defendants moſt common 
were much leſs in number than the Aſſailants, and witht 
ſmall Number were equally expoſed to the Fury of the Ene 
(who were much ſtronger) as theſe were to their ſmall Numbe 
ſo that in a ſhort time they muſt of neceſſity be overcome. 5 


wrer th 
tlels c 
ai the 
an to 
Wal 
minen 
b def 
il that 
a eſpec 
Its, or 
theſe is 
en abo 
bath f 
fication 
urticul, 
of ig. 

6. And 
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id that 
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fell u 


ing with an equal Force, with the Defendants on the Wa 
they could at the fame time ſafely place another Party near 
the Wall in E F, which might ſecurely ſet up their Scaling Lat 
ders, or ſpring a Mine, and ſo Raze the Wall; their Re 


ſtance being molt deficient, when they were in the greats 
Danger. b ; | 

4. Nhat Remedy then have they found for theſt Defecti in i 
kind of Fortification ? | 


The former Defe& they ſupply'd with a Breaſt-work G 
or Paraper, which they place upon the broad Wall GL (F 


It 


Far 
are apertures below in M and N, narrow towards the inlide, 
id broad on the outſide of the Wall, or on the contrary, ſlop- 
{within fide ; (which are calld Loop-holes ) which Breaſt- 
ark covers the Defendants, and alſo opens a way for them to 
noy the the Enemy: Yet we muſt confeſs that this Ereaſt- 
ark hath this Diſadvantage, that ſince theſe Embraſures, K and 
and the apertures M and N, require large Spaces between 
em for preſerving the —_ of the Wall, there cannot be 
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1 


Acho' this kind of Fortification be ſomething more correct 
n the former, yet it is liable to this grand Defect, that the 
ver the Enemy is to the place which is to be defended, ſo much 
les can they be repulſed; ſo that if they come cloſe to the 
l they can t be ſeen at all: Wherefore to prevent this, they 
n to think of building ſquare and alſo round Towers along 
Walls at a convenient diſtance from one another, whole 
minent Sides, or Shoulders L M and NO (Hg. III.) might 
th defend one another mutually, and alſo that part of the 
il that lyeth between them (which part is call'd the Cortin) 


Yen th 


1mon| 
1th t 


Ene 


amber checially then when the Enemy is neareſt, by caſting of 
ce, , or firing croſs- wiſe from both Forts. Now every one 
cir willi teſe is made uncapable of defending it ſelf, for the reaſon 
e Wal" above, which certainly was a very good Contrivance, 


Ihath ſince eſtabliſh'd this for a general Rule in the Art of 
ration: That every part of 4 Fortification oug bt not to expect 


mea. 
ng Lat 
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And had this Remedy its defired EffeR o 


ty this way they could indeed defend thoſe parts of the Wall 
lay between the Towers; but as ſoon as the Enemies per- 
rk, G cat the fore part of the Towers were deſtitute of all de- 
L (FF turning their whole Force from aſſaulting the Cortins, 


I; in i 


el upon them, for the fore part of the Tower M R _ 


* 


to Fo RTIFIC ATOM 2% 


[in which alſo they make Embraſures, as K and L above ; or 


em but tor a very few to defend the Wall againſt the Ene- 


. But what way have they jnvented to ſupply the latter De- 
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wicular Defence from it ſelf, but from other parts lying on both 
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ſo that having left the triangular Space OP Q or RS M, be 
and in ſpight of the Defendants, exerciſe their whole Force: 


was this: They took in that triangular Space, and alter d th 


or Bank that cannot be ſeen and level d at from the other par 


dants, while, in the mean time, vaſt Numbers of the Ene 


t be in proportion to the Number of Aſſailantt; and therefore i 


uſually call d Earth- Walls). 


4 


O can't be ſeen from the contiguous Wall on both ſides 
tween the Collineations, the Enemy could ſtand ſafely ther 
gainſt you; wherefore they deviſed another Method, whic 
form of the Baſtions, ſuppoſing it better to make the Faces 
them neither plain nor round, but running out in a Poi 


which is repreſented in Fig. IV. by the Letters TV XY?7 
So that not a Point ſhould be left in the Periphery of the whale 


Which is the ſecond Foundation and Principle of the Art 
Fortification. | . | 


7. A this Method then the external Form of Fortifications 
made more commodious ? | | 


Not much; for this one thing was deficient in them, 
the Baſtions being form'd, ſo as to end in a Point were toon 
row, fo that they could contain but a very few of the Det 


could inſult over them all along the Cortin, which were 
powerful and numerous to be repulſed by ſo ſmall a Nu 
of Belieged ; wherefore ſound Reaſon alſo preſcribed this a 
third Rule of the whole Art: That the Nuniber of Defendants 0 


every part of 4 Fortification, that's liable to be inveſted or aſa 
ougbe to have its defending part lie very near it, and ai near « 
ſible equal to it. Therefore having kept that Form which 
en to be the moſt commodious, they changed thoſe l 

urrets into larger Baſtions, expreſſing that Form, whic 
commonly call'd the Belgick, the Netherlanders, who were 


moſt diligent Purſuers of it; who being accuſtom'd to 1lte adj 
tineſs and Frugaliry above other Nations, changed the Me leſl; 


coſtly way of building Walls with Stone into Banks of Eau; 
HD Ponce 

0A, 

Ihe Li 
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8. What are the chief Parts nie in the outermoſt Ambit of 
* Belgick Rampart ?mouUumnm | 


ther The chief Parts are Two, viz. the two forts I K AE H, or 
orce MFB M L (now call'd the Baſtions) and the Walls between 
WH dem 5 H, Ge. every one of which apart is call d a Corein. 
rd very Baſtion alſo conſiſts of two forts of Lines, viz. of two 


Firs, AK and A E, or BF and BM (each of which is 
all'd the Faaſe) and of two Shoulders HE and I K, or G F 
nd L M, which Lines are call'd the Flancks (for the French 
Terms are moſt uſual in this Art, as the Iralian ones are in Civil 
Achireture) and thoſe Shoulders E H and F & are not only 
tended joyntly for the defence of the interpoſed Cortin G Hz 


(fice they call the ſecond Wings, in French Second Flancks , 
wich they intend as the Defence for the oppoſite Faces of the 
Fats, A E and BF, according to the manner mention'd above 


em, Wo Wet. Fo | 
. * 9. Are there not ſeveral other Lines to be ſeen in Fig, V. beſides 
Ene he hich you have explain'd to me ? | 


No doubt but there are, ſince they are apparent to our ſight, 


Numa theſe Lines do not belong to the Ambit of the Our lines of 
this Ade Fortiticati-n already deſcribed, but are only uſeful for the 
ant: 08) ineation of the. Figure, and therefore they are repreſented 
fore y Points as obſcure Lines; and they are chiefly thoſe which 
au vlon /; Firſt, The outmoſt Pohgon 5 Secondly, The internal 
rde 4b or ö e, or a d, which they call the Interiour Pohgon ; 
hich te Lines 4 H, 41, 6 G, or b [., which repreſent half the 


Neck of the Baſtion, are call'd the Demigorges, and are Portior 8 


which an interiour Side, reckond from the Point a, b, and e 
were Bivhich they call the Angle of the Polygon) extended towards 
o Te adjacent Wing. - Thirdly, The greater Diameter Z. A, and 
he ade leſſer a 3, whoſe difference is a A, is call d the Capital Line, 


Furthly, The Line A G, or N B is called the Greater Line of 
Defence ; or by the French, The Line of Defence Fichant. Fifthly, 
OA, or N B, is call'd The leſſer Line of Defence; by the French, 
lhe Ling of Defence Flanquant, Wd 


ktalſo to both the Parts HN and O G, (which from their 


T 4 10. He 


380 As INTRODVYCTION, &c. 
10. Has this way of deſigning « Fore after abe Belgick f41; 
alway: pleaſed ? and is there not ſome things yet farther wanting 2 


his was in uſe a great while, and is till, eſpecially int 
Low-Countries, and chiefly upon its account of being leſs expe 
five. But there are many things in it which are every whe: 
found fault with, and do really require an amendment, : 
therefore many other ways of Fortification have been ſind 
found out, which it will be of uſe to underſtand as well as t 
Belgick way, but no one of them has yet univerſally preyail 
or has been judg d univerſally neceſſary (except that, perhur 
of Mr. Vauban) becauſe tho many of them are ingenious, y 
they are withal very coſtly, Of theſe we ſhall give many 
the twe next Sectiont of this Compendium; in the former 
which, Fri, ſhall be deſign'd the Protogrephy of each, or t! 
ſimple Lineamenss of the Exteriour Ambit. Secondy, A 
ſince the Belpick Form of Deſigning, is to begin at the Cents 
and work outwards, whereas the way of the Moderns is to 
gin without, and work towards the Center; this Belgick w: 

alſo ſhall be compared with the more modern ones, and reduce 
to one common method of Deſigning, which I judge will | 
very acceptable to the Learner. Thirdly, laſtly, In the oth! 
Section, along with the Protography of each, there ſhall alot 
pes the [chnography and Orthography more compleatly a 


targely. 
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Explaining, 


by one and the fame Method, the Proto- 
graphy of the divers Manners of Forti- 
tying a Place. = 
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Irmiſing ſome Eaſy and Delightful Ways of 
Fozti catton for the ſake of Toung Beginners. 


43 HERE are ſome Ways of Fortifying Places very 
ſimple and eaſy, which may be very uſeful in caſe of 
eelſity, where great deal of Calculation is not required, 
which may be accommodated with equal variety to the dif- 
rent Genius's of ſeveral Nations, and which are tolerably a- 
table to the Three Rules and Foundations already explain d 
dur preliminary Diſcourſe. The French, for Inſtance, for- 
iy choſe to make the Angles of their Baſtions very ſtrong, 
d leſs acute ( for at firſt they made them Right ones) but 
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vas found defective in point of Defence, The Italians, on 
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the contrary, chiefly regarding the Buſineſs of Defence, ven 
tle curious about the Angles of their Forts, whether they ye; 
Right, Acute, or Obtuſe : The Dutch. went the middle wi 
and did adjuſt, as near as could be, the Angles of their For 
to their Strength, yet ſo that as good a Defence as poſſb. 
might be made. : N es 
2. Explain to me now, more diſtinily in the firſt place, the 

| Method of the French? | 
The French Method of Deſigning the Protography, or ſm 
ple Ambit of any Fortification upon Paper (from whence th 
could eaſily transfer it to the Field) was, in ſhort this; B, 
Pitching ſomewhere in the Paper for the Center Z. (Fg. . 
they drew with a Radius taken at pleaſure. an obſcure Cir 
(of which we have here expreſs'd only one half ( which th 
divided into as many Parts or Sides d 4, 4 b, b e, &c. as th 
intended there ſhould be Baſtions upon the Work. Semi 
They divided each Side into 6 equal Parts, and one of the 
ass H, al, bG, b L, Oc. they took for the half Face of! 
Baſt ion, and erecting at H and I, and G and L, Gc. the be 
pendiculars HE, IK, G F and LM for the Wings, whit 
they made alfo to contain a ſixth part of the Side, making i 
Wings and the Faces equal. Thirdy, That in the Hexig 
and the following Polygon they might make the Angle oft 
Baſtions Right (which in quadrangular and quinquangular 
es could not be, . unleſs the Face, e. g. F B, were left de 
tutte of almoſt all Defence) and therefore from the Point | 
the bottom of the Wing, they draw a Right Line. For 
the top of the oppolite Wing G H, to determine the top 
the Extremity of the Baſtion B) they joyn'd the Wi 
of the Fort F and M with the Right Line FM, fic 
the middle Point of which they transfer d its half O M to B, 
which Means the Angle of the Baſtion FB M became a 
one, which in their Opinion was the ſtrongeſt ; but by ! 
means, as appears by our ſecond general Rule, given 
_ 7. of the Introduction, it was weak in Point of U 


3 1 


Vera 
f Wer 
v 
Fon 
oſſidl 


eo 


or { 1 
ceth 
Wu 
ip. VI 
e Circ 
ch the 
23 the 
Second 
of the 
de of i 
the be 
„F Whit 
King ü 
Jexapt 
le oft 
ulat 
eft de 
Point | 


Eg | | 5 . L. 1. Pay 263 
A Die ancient Italian method B 


\- 


Ll 


, f 
D 4 | 
w<w<w ww. coch-_ <Gow Sw. © -. 


little 
make 1 
De 
Planck . 
LM 
le mac 
Angles 
Degree 
LM, 
her at 
ind b 

the Ba 
. 5 | | the 174 
i 5 bo the 
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3. I defire you next, to explain to me more fully the Italian Me- 
thed ? To 3 
This agrees altogether with the French in the firſt and ſecond 
rations, in making, for Inſtance, the Face a H and the 
Wing H E the 6th part of the Side ab, but in the third Ope- 
ntion they take for a ſecondary Wing juſt half the Cortin, 
1b. H O or G O in Forts of an hexangular, octangular, Ge. 
form ; but in thoſe that had fewer Sides, they took at leaſt 
ane third of the Cortin, which with the primary Wing H E, 
i G F, afforded a ſufficient, and in the former Caſes abun- 
unt Defence to the oppolite Face E A or FB. And altho 
the Angle of the Baſtion was much more acute, and therefore 
yas more eaſily batter'd down by the Enemies Shot, yet they 
retended that this Miſchief vou d not be much more remedied 


yan Angle nearer to a Right one, and much leſs could they be 
ble to reſiſt (whether the Angle were obtuſe or acute) if the 


under it. 


4. What is that Mean Nay which the Dutch took between theſe 
Methods juſt now mention d ? 


ie Freneb and Italian; only they make the Wing HE or GF 
little leſs than the Necks aH or h G; to do which, they 
mke uſe of a peculiar Artifice of the Angle M 6 L (Fig, 8.) of 
o Degrees, which from this uſe they call the Angle forming the 
Ranch; For as in the ſeparated Triangle on the Left Hand 
LM in the ſame Figure, if the Neck bL and Wing L M 


Angles at 6 M muſt neceſſarily be equal, viz. both of them 45 
Degrees; fo in the other ſeparated Triangle on the Right Hand 
LM, if the Angle at ö be made but of 40. gr. and the o- 
ber at M 50®. the Wing L M will be leſs than the Neck b L, 
nd by this means in the third Operation is gain d an Angle for 
the Baſtion ſomething larger and ſtronger than that uſed: among 
de Iralians, and yer ſomething leſs than that of the French ; 
which affords a greater Defence than the French, but ſomething 
& than the alan metho . TOS 

| 7. 1 


ngle of the Baſtion were overthrown, by a Mine being ſprung 


This way alſo in the firſt and ſecond Operation, agrees with 


e made equal which method the French and Italians uſed) the 
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A, deſcribe from A thro? 5 or B, a pretty large Arch BCD 
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the arch b c d, and with the fame aperture of your Compaſſes 


— 5 
Is 
= 5 2 
— — 
2 2 


you draw the ſides ch, bb, b f, whether few or many; the arch 


uſed in any Wark, of à juſt extent. 
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F. Is there not ſtill ſome other pleaſant way of deſigning the Prﬀg; 
graphys of Fortifications ? | . 
There is ſo, and it is a very eaſy way, being perform d by 
the help of a certain Angle call'd a Direfor ; whoſe Structure i 
will be firſt neceſſary to teach, which is very eaſy, and is this 
Draw the Right Line AB ( Fig. IX. Numb. 1.) and upon i 
from A towards B ſer off five equal parts; (the whole length 
AB, and theſe five parts to be ſer off in it, ought to be taken 
fo much the greater, by how much the larger you intend ti 
lay down the parts of the Fortifications by the help of this Di- 
rector) Then taking in your Compaſſes the whole Length 


and into this Arch transfer the length of one of the aforeſaid 
parts, from 5.to 6, or from B to C. Alſo having drawn A ill 
or A 6, divide it into 6 equal parts, and transfer one of theſ 
farther, from C to D: And, laſtly, draw A D and the Directot 
is finiſh'd. 5 

G6 Shew me now the Uſe of this Director in Deſigning the Prat 
graphys of Fortifications. . | 95 


The Uſe of it in ſhort is this: Having taken a Semidiameter 
xe or 37 (Numb. 2.) at pleaſure, or as large as the Capacity of 
the Paper will bear (which is here but very ſmall) with th 
length of this Radius, in the Director on the Center A, deſcrib 


having drawn a Circle or Semicircle à eb bF, if in its Periphery 
Thai 
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bc (Numb, 1.) will give the Necks bc and be ( Numb. 2.) and 
the arch cd (Numb. I.) will give the length of the Wing ed 
(Numb. 2.) Laſtly, the whole arch b d (Numb. 1.) will gir 
the length of the Capital Line b 4; which three Lines deter- 
mine the whole ambit of the Fortification, and is in the Be{zic 
form, as is apparent by the Figure, 

7. But are theſe caſy ways of Fortification ſuch as may ſafely b 


| Several learned and skilful Men have eſtcemed them fo, and 
not without reaſon : For Experience it ſelf ſhews, that ſuch De- 
| ſignatior 
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tions (eſpecially thoſe which were made according to Num. 
and 6) do make Baſtions large enough, not too acute, and 


Fru. ich as arc capable of having Defence enough from other parts 
{the Fortification; ſo that the angles of the Baſtions are much 


d yer than 60 Degrees each; alſo the primary and ſecundary 
ure i My ings are either exactly, or nearly, equal to, or alſo greater 
this an the Faces to be defended: So that that exactneſs, whereby 
pon ite angles are computed in Degrees and Minutes by Geo- 
engthMWretrical Calculation, and the Lines by 10 Foot Rods, or 
raken{WFerches and Feet, Ge. and are reduced into Tables, may ſeem 
end to be vain and uſeleſs : Yet becauſe it is believed by other Wri- 
is Di- I that this great exactneſs is not hurtful, but may be of ſome 


enpth 
BCD 
faid g 
1 A 


theſe 
ireQoc 


e, and worthy a Mathematical Genius to purſue ; therefore 
i the following Pages we ſhall beth ſet down every one of 
toe Tables, and alſo teach the Manner of Computing them 
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rating of the Foundations and folt Deſignment of 
the regular Belgick Form of Fortification, as it 18 
now generally pratticed. | 
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z of Cities by the Rules delivered in Numb. 5, 6, 7. of the N 


ripherp  Deſignment now generally received? | 

54 That they might the more eaſily gain their Point in Fortify- 

1.) an 

ing e elminaries, and now approved of by the Conſent of all 

ill greg riers; and this with all exactneſs, they propoſed to themſelves I 
deter- Ne following Laws: Firſt, That in this Age the moſt effectu- | 


e Belgic i Defence, eſpecially when the Enemy approach near the place 

ich they are going to attack, ought to be made with {mall 

e Arms, as.Muſquets, G. rather than with greater Guns, 

being more expeditious, and capable of being continued lon- 

, and leſs chargeable ; and conſequently, that the greater or 

Line of Defence G A ( Fig. V.) ought not to be * | 
| i | 


ſafely b 


ſo, and 
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286 Of FORTIFICATION, © 
than 60 Rhinland Perches, or 720 Foot, of 12 Inches each I de 
becauſe it hath been found by experience, that that is the 4 reſo 
terminate Diſtance at which a Gun can give the molt effequs wi 
Blow. Second, That tis beſt that thoſe three Lines, whic any a 
compleat the whole Ambit of the Wall or Trench, viz re th 
Wing H E, the Face AE, and the Chord H G ſhould be per 
1, 2, 3, and the aforeſaid length of the greater Line of D- ele © 
fence, will be very nearly found, as may be ſeen by Calcy], riangl 
on, if the Chord be made of 36 Perches, the Face 24, 2 Ingles 
the Wing 12: Yet foreſeeing very well that this Dererminaiiolh, i4. | 
of the Wing in Fortthcations, having fewer Baſtions, can't H ch | 
granted by the general Rules) ſome have made the Wings bod del 
uadranpular Fortifications, but 7, or 8 Perches long at mofſution 
hoy ſome made them of but 6 Perches) in all others they h egrees, 
aſfign'd them more increaſing by one Perch, till they come ¶ Nie form 
12, afterwards not to be increaſed any farther. Third), Sind the B 
the Angle of the Baſtion EAR, is chiefly in view of the EnemyMiithe Po 
Cannon, it is better to make it obtuſe and ſtrong than too eb L. 
cute, which may eaſily be beaten down; but in reſpect of i (A5 
Defence which is to be expected from the ſecundary Wing, entagon 
ought to be rather ſomething acute than too obtuſe ; therefa e Court 
taking a mean way as the ſafeſt, they h ave taught us th be a R 
ways to determine the above-mention'd Angle, viz. by add rtence E 
to half the Angle of the Polygon 4H, 15, or 20 Gr, or foDepre 
taking two thirds of the ſame Angle of the Polygon, for i This 2 
Angle of the Baſtion, where they have ſet theſe general Rute Point 
for its Largeneſs, That it ought never to be leſs than 60 l, in 
or greater than 90 Gr. SE aculatio 
t leaſt to 
le follow! 


2. How have they made their Calculations from theſe Foundai 
which are for the greateſt part arbitrary ? 


Theſe Foundations are indeed for the moſt part art 
trary, but yet not merely arbitrary, but are derived fre 
ſome certain End and Purpoſe. Upon theſe therefore t 
have eſtabliſh'd the Trigonometrical Calculation of the p 
cipal Lines, that it might appear that their Length 28 
nearly with the three fundamental Rules in the Introdv%#% 
and that they anſwer exactly enough to the length oft 
greater Defence. But becauſe the Calculation could no 


4: 
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ade without the Angles comprehended by theſe Lines.” 

crefore they firſt of all defined the chief Angles in this order: 
5, Having divided the Circumference 360 Degrees into as 

any equal parts as the Fortifications hath Baſtions, you will 

ve the Angle at the Center ax b, e. g. in an Hexagon 60, 
n Pentagon 72 Deg. Ge. Secondly, Having ſubtracted this 

nple of the Center, from the Sum of the three Angles of the 
rangle 4 z6, i. e. from 1 80 Gr. there will remain the two 

Ingles J 46 and 7b a, i. e. the whole Angle of the Polen 
4, in a Hexagon 120, in a Pentagon 108 Degrees, Ge. 

And), Two thirds of this Angle, according to the laſt Me- 

od deliver d at the end of Queſt. 1 gives the Angle of the 

lion EA K, v. g. in an Hexagon 80, in a Pentagon 72 

Degrees, Which according to the firſt method wou d have been, 
e former 75, the latter 69, Ge. Fourtbly, Half the angle 

{ the Baſtion 4 A E being ſubtracted from half the angle of 
{the Polygon 4 A B, leaves the diminiſh'd angle (call'd by the 
nb L' Angle diminue) EAB, or the alternate one EOH equal 
vit (Angle Flanquant intericur) in an Hexagon, v. g. 20, ina 
magon 18, Sc. Fifibiy, Since the angle of the Wing with 
e Courtin, viz. E H O, in the Belgick form is always ſupoſed 
obe a Right one, the other angle of the Wing, with line of 
eſence HEO, is the Complement of the former EOH, . e. 
o Degrees in an Hexagon, and 72 in a Pentagon, Ge. Sixeh- 
Tbis alſo being ſubtracted from the two Right ones about 
te Point E, will give the angle of the Wing with the Face 
Ill, in the Hexagon 110, in a Pentagon 108, Ge. which 
alulation being continued thro the other multangular Figures, 
t leaſt to the Regular Fortifications of 12 Baſtions, will form 

te following Table of Ales. 


4 TABLE 


* 


U 
. 
Py 


of FORTIFICATION. 


2. She 


ebe 


Firſt, 0 
FH in ( 


you will 
Deſence. 


SFZ A.. „„ o,, 8 So 0 „ 
— 2 © 2800 >, 0 - 2 
S8 8 SST S2 A Ts 
— — 3 — 23828 =» ww 

= — DO a 3 © 2 3 X23 = Wn 83 — 2 


— 


— 


11 


„ 5 gular Fortifications; ſuppoſing 
So ANGLES #» Reguiar. vo it come 
* 2 Baſtion to be 3 of the Anzle of the e 
to be go Degrees. =. 
W 5 L Vn XI. [Xl 
2 IN | VPI. VII VII. IX. X. AI, 
The Angle in .Er l j s 44.20 
15 36 32. 44] 32 
Y | 72] 60 51 260 45 | 49 _2- 
Of the Sa n 1 = 120 128. 34| 135 149/144 8 16 * 
G ü Rin Elk 88 eee 
che — 2 
Tins Angie Ea E- er EOH 3 28] 20 21:20 22:30 0 ; 
The Wings with the Line of De- 75) 72] 74 68. 34 67. zo] 55 £32 21155 
* Tace AER Tog(rofhric 111. 2601 12. ach 151117182 * 


Iba Wings with the Face AEH 


Inple « 
und: 
tion 


3. Ab. 


Of FORFIFICATION:. 289 


z. Show me now bow by the help of theſs Angles the Chief Ich 
graphie Lines are computed. ' | | 


Fiſt, Suppoſing, according to Queft. 1. Numb. 2. the Wing 
EH in Quadrangular Fortifications, e. g. to be 7 Perches, 
n a Pentagon 8, and ſo on, the number of Perches increaſing 
by Unity till it comes to 12, which you mult never exceed: 
I the Triangle E H O you may obtain a Proportion EO of the 
ler Defence A O, viz. by infering (according to Probl. C.- of 
dur Trigonometry) as the Right Sine of the diminiſh'd angle 
EO H (which in a Pentagon is found to be 1 80.) to the Wing 
EH (9 Perches a Pentagon) :: fo is the Radius to the Por- 
jon E O fought ; to which if you add the Face A E 24 Perches, 
you will conſequently have the whole Line A O of the ſhortet 
Defence, Secondly, By the fame Triangle you may find the 
Portion of the Curtain H O ; if you ſay (according to Probl. 
. of our Trigon.) As Radius: to the Wing HE 9 Perches, 
r 96 Foot : : ſo is the Tangent, of the angle HEO : (72 deg. 
ta Pentagon) to the Portion HO; or alſo (taking the Hypo- 
jenuſe E O for the Radius) as the Right Sine of the angle 
OH:toEH :: fo is the Right Sine of the angle HE O to 
te Line HO; which being ſubtrated the whole Chord or 
utin H G, will leave the ſecundary Wing, or ſecond Flank. 
de Fig, V.) Thirdly, By the Right angled Triangle APE, 
ay be found the Portion A P of the outer Side A B, by the 
French called La Surface, by inferring (according to Probl. 4. of 
e Trigonom. ) As Radius: to the Face AE ; : the Right Sine 
f the angle AEP or HE O: to AP; which if you double, 
d add to it the Chord or Courtin H G, you will have the 
hole outermoſt fide A B. Fourthly, In the ſame Triangle, if 
wu ſay (by the fame Probl.) As Radius: to the Face A E:: 
s the Right Sine of the diminiſh'd angle E AP : to P E the 
ing produced; you will have the whole Diſtance of the Po- 
dens HP or R a. Fiftbly, From the new Right angled & 
R, firſt, may be found the Capital Line A 4, if you make 
by Probl, 6. of our Trigonom, ) As the Right Sine of half the 
ge of the range to the diſtance of the Polygons juſt now 

7 


und:: ſo is Radius to the Capital Line A a. Secondly, the 


tion of the external Side A R; if you make (by Probl. 3. of 
; | 8 U ; _ IJragots 
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Trigon.) As the Right Sine of the angle a A R. half the angle 
of the Polygon: to the diſtance of the Polygon R «:: io i 
the Right vine of the angle A R (which is half the angle at 
the Center (to the Line A R; which being ſubtracted from 
AP (found above in Numb. 3) gives the Neck a H; and thi 
being doubled, and alſo added to the hord or Courtin HG, pive 
dhe angle 4 b. Sixthly, By the new Triangle 4 Z. S, may be found 

alto the leſſer Semidiameter . a, by inferring (according to P 
6. of the Trigonometry) As the Right Sine of the Angle a Z. 8 (. 
half the Angle at the Center) to 48S half the inner ſide:: fo Ra 
dius: to Z: to which if you add the Capital Line a A it pive 
allo the greater Semidiameter AZ.. Seventhly, laſtly, if you ad: 
the O of the Line QG to QO of the Line A Q (for both thel 
Lines were found above) and extract the O Root of the dum, 
will give the greater Line of Defence AG; which if it bend 
coniiderably longer than 6c Perches, it ſhews that the wholeCa 
culation was truly perform'd. This Calcularion being continue 
after che ſame manner thro the other ſorts of Quadrangulr a 
Sexangular Fortifications, will produce various Tables, accat 
ding to the diverſity of the Suppoſitions about the length oft 
Wing, and lize of the Angle of the Baſtion, which in each 
threefold ; of which we ſhall transfer one (becauſe we have n 
leiſure to compute a peculiar one) from the Arcbitectur à Malt 
ru of Fobn a Felden, formerly Profeſſor of Mathematicks int 
Univerftity of Julia; written in the German Tongue; whit 
Table (althv? it ſuppoſeth the Angles to be ſomething difters 
and alſo the Wing E H to be 7 Perches long in a Quadrang| 
yet it is computed, according to the ſame Method, and i 
the third in order in Chap. Ill. The Angles of the * enter a 
Poly gon remain the ſame, but the Angles of the Baſtion (ic 
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. which afterwards the reſt follow according to the Method I you * 
Queſt, 2. he ſuppoſeth to be thoſe which are ſet down in this Geomen 
tle 1able, as being no leſs commodious than the former, aid: a, 
they are found by none of thoſe ways, mention'd at thr endl | 


Queſt, I. 


* 


& '\ 


Of FORTIFICATION; 


—_— 


291 


8 


— z — — IRS” ere en 
GD rp IE x 
_ — - 2 5 ———_— -— = BY 3 


8 — — — - — — — — — — — — 31 
I” TABLE of the Principal Lines u Regular Portifications, F & 
{1 mee/ured in Rhinland Perches, 8c. the Wing of the Baſtion being | = 
| ſuppoſed in 4 Quadrangular Form 7, in 4 Pentangular one 8, 8c, | & 
2 
= - —_—_ ＋ — —— | 8 
Lines in IV. V. VI. VII. VII. IX. | X. XI. J XII. "> 
—ůä— — tn S 
: | P. E. F. F. P. FI P. FP. FH P F. P. Fl P. F P. F. © 
The out fide AB 382. 681. 50. 5179. 608. £78. 177. 607. 06. 5 1 
52 85 ee e Sk lee e ee E 
| The Neck 4 N, or Gorge to. JI. 41 1. 912. 2/12, 412. 6 12.1013. 3113.6 2 
e e e ae we "HP" a, e , 195 e pert WR 
The Cap. Line A 17. dl. 320. 822. 2 3. 6024. 9025. 2/25. 5/25. 7 122 
The Line of Defence 8 | S2 
AO 62. 654. 43. 251. 450. 1147. 7 | 2 8 
— — — —⅛ . —-—ę — — — 28 
The inner fide a5 3. 958. 855. 760 460. 861. 2Þ61. 962. J6 2] Fes 
8 wow CESAR eee ws RI, Hen | 1 8 > 
Secondary Wing O G | 6. 8012. 1113. 714. 2014. 2113. 911 5. 2116. 3[17. 21 8 A 
Leſſer 6 1 —— 55 —— 18 2 ee, x 2 i 2 
RM ͤ YT LT == rm. Za SEES LE = 


9._ 


| Table 


by 


upon paper 


hod 


this 
f 
5 4! 


You may ſo, both 


ſion in the opets 


the help of a ſtnal 
yore 


and alſo in its ju 


ſt Din 


3 


ical Scale 


And that in both pla 


Geometr 


elds 


If you 


rder 


! 


fol 


lowing 0 


ces in the 


ua 


9 
0 


end 


292 Of FORTIFICATION. 
were to deſcribe on a piece of Paper the Protography of any 
Fortifcation, e. g. of an Hexagon: Fir, From a Geometrical 
Scale (either large or ſmall, according to the breadth of the 
Paper) take the leſſer Semidiameter 4 Z (59 Perches, 7 Fog) 
and having taken a Center very near the middle of the Paper, 
with this Diftance deſcribe the obſcure Circle 4 b e d (Fi. V,) 
Secondly, Set off the Length a ö of the interior ſide of the Polga 
(which in the preſent Caſe is equal to the Radius) from «to, 
from b to c, &c. as many times as there are to be Baſtions i 
the whole { ircumference of the Fortification ; correcting all z 
long the length of the ſides, if there be occaſion, till they ar 

exactly equoral to the whole Ambit. Thirdly, From the ſang 
Scale and Tables having taken the length of the Neck or Gay 
(I Perches, 9 Foot) et it off on both ſides from à to H an 
I, and from b to G and L, &©c. Fourthly, At every one of the 
Points H, I, G, L, Ge. erect Perpendiculars of the ſuppols 
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table 
in Del: 
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length (v. g. in the preſent Figure 10 Perches) I K, H E, G ra 
LM, Ge. Fah, Laſtly, produce the Semidiameters ; i re 
x6, Sc. by adding to them the Cpital Lines 4 A, ö B. cd v 
and having drawn the Faces A K, AE, BF, BM, Ge ug, 
the Wings H E, I K, G F, Gc. with the intermediate Chr frall 
or Courtins drawn in black Lines, but negleCting all the oth 7 got 
Lines, you will have the external Ambir of the Fortification Mich hi 
its Protography, defined in that Proportion of the Lines, wh y not. 
the Hypotheſes, explain d above, required. Nor is thera | 
other way to be uſed in deſigning the Protography in the Fiel *. : 
excepting that the Angles at the Center, muſt firſt of all, Wi... F : 
taken, by the help of ſome Geometrical Inſtrument or. othe 1 


with Sticks (which are made uſe of inſtead of Points) andt 
other parts of Work are laid down in their juſt Meaſuf 
which may actually be ſhewn more eaſily in the Field, 
taught by a prolix Series of Words. 


F. But what do you think of theſe ſo accurate and ex act Call 
tions of the Tables, and Deſgning by them? : 


In a word, I think this, That they ought not to be deſp 
but that that Exactneſs of Mathematicians deſerves its c 
praiſe; which they obſerve in determining the Lines of Fort 
cations ; not by ten Foot Rods or Perches only, but by? 


— 
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if, and Inches (for in the laſt Table of Fe/den, the Inches 
re expreſs d, which we have omitted) nor would it be unpro- 
{able for young Students to follow theſe Tables ſtep by ſtep, 
q Deſigning Fortifications on Paper; but for Artificers and 
or kmen, in performing their Works of Fortification, to be 
ted to theſe Niceties in my Judgment wou d be ridiculous, and 
therefore I think this labour ef Calculation {eſpecially according 
dthe Duodecimal Diviſion of the Minland Perch) is too curious 
nd of little or no uſe, and that for the following Reaſons: 
Ef, Becauſe the things ſuppoſed in that Calculation do vary 
ee ſeveral ways, both about the length of the Wings, and 
o about the {ze of the Angles in the Baſtions; from whoſe 
ous Combinations there muſt needs ariſe a nine - fold variety 
f Tables ; and then, undoubtedly, which foever you make 
tice of (neglecting ſuch Feet and Inches as dont exceed half 
Perch) you will hardly mils of your firſt aim, eſpecially if you 
ure reſpect to thoſe three general and fundamental Rules 
nich we have already given in Number V, VI and VII of 
te IncroduBtion. Secondly, Becauſe the Strength of the Defence 
J ſmall Arms (which this Belgick Form ſuppoſeth) is placed in 
be Shot of a Muſquet at the diſtance of 60 Rbinland Perches, 
lich thing is not placed in ſuch an indiviſible Point that there 
uy not be a conliderable Latitude as to more or leſs, and con. 


„ Pcatly, it muſt be left at laſt to the Diſcretion of the Pru- 
Ft Artificer, ſuppoſing the three fundamental Rules before 


er d, to be duly obſery'd, to add a Perch or two to the 
unbers in the Tables. | | . 
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ning the Delignation of this at the external fide, we may 


vel; but I would know alſo that Amendment which you ſpeak of? 


. _ AP and BQ; and alſo from the Points P and Qt 


* 
— IR FY 1 A 


3 4. TO N $0. 9 5 3 
8 . bv 
N : 
Ip . * * — ot, = as + 


Aecommodating the Bel gick way of Defigning Fort 
fications (which is already ſomerhing 3 0 
the Method uſed by maſt of the Modern Writers, 


J. \A/ HAT Accommodation and Amendment do Jou me 
|: " ooet? © | | 


What the lateſt Writers have thought wanting in this Bel 
Form of Fortification, I ſhall now ſhew. But firſt I intend 
teach its Protqgraphical Delineation, which hitherto has (v 
have ſeen in Numb. 4, of the preceeding Chape. ) begun att 
Center, in that Method alſo which is uſual in the latter fe 
of Paganus, Rim, Reyherus, Scheirus, and others; ſo that beg 


reduce, as nearly as we can, all of them to one general Rul 
2. This Way of reducing them all to one general Rule, I likes 


Theſe Modern Authors in Delineating their Fortificati 
not only always begun with the exteriour {ide of the Fig 
or with the Diſtance of the Baſtions, but alſo keep this v 
Diſtance the ſame, whether 100, or 90, or 80 Perches in 
Polygons: Theretore intending to imitate them in theſe t 
things, as to the former it will be very eaſy from the Table 
Lines already computed (ſuppoſing that the Portion AB 
Surface ) of the external ſide, and the continuation of the 
E P were found, by the DireCtions given in Queſt. 3. Nu 
3, 4. and were inſerted with the reſt into the Table of Li 
firſt from the external ſide A B (Fig. V.) to cut off the | 


all in defined perpendiculars ; and then from theſe to cut 
he Continuations of the Wings PE and QF, and alſo 
Wing: themſelves EH and F G; Secondly, GH! 
drawn, and produced on both ſides, cut oft from hoth _ 
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Of FORTIFICATION. 295 
Gorges H a and G; by which means you will have both the 
nner lide ab, and alſo the Capital Lines A a and Bb to be 
continued to the Center à as to one common point of union: 
From which Center draw a Circle thro' A, and in its Circum- 
ference deſign the other exteriour ſides, which mult be forti- "(BY 
yd after the ſame manner as at firſt was done at A, working 1 
from without inwards. 3 | 4a 3 


3. Is this that Way of the Moderns, of beginning with the Exte- | 
riour ſide, and afterwards working towards the Center? 


The beginning of theſe Delignations are indeed the ſame 
with theirs, vez being made from one of the external ſides; 
hut in the following LeduCtion they differ much from the pre- 
ſat way: Therefore, that this Delineation, begun with one 
of the external ſides, may, in the reſt of the Operations, be 
ſomething, like the modern Deſignations found out ſince and 
o mu h commended ; firſt we mult calculate the Perpendiculars 
D thro! every Polygon, by the help of the Right angled Tri- 
ani: A D (Hg. X.) always inferring, As the Right Sine of 
tie Angle AUD: to the Right Sine of the Angle CAD 
nich in both are given, the latter as the diminiſh'd Angle, 
the tormer as the Complement): : ſo. is A D the half of the 
exieriour lde, to the Perpendicular DC; which in a Qua- 
tangle will be found to be eleven Perches juſt; in a Quin- 
qungle thirteen Perches, three Foot, in a Sexangle four- 
ten rerches, nine Foot, in a VII Angle 15, 10 Foot, in an 
Vil Angle 16 Perch, 8 Foot; in a IX 17 Perches, 9 Foot, 
be. Which being given, the Furtifcation of any one of the 
exteriour ſides A B, Gc. will conſiſt in the following Delinea- 
ion: Firſt, From the middle of the external ſide D, let fall 
the Perpendicular D C of a correſponding length to the given 
Polygon. Secondly, From A and B thro C, draw the tranſverſe 
Lines ACO and BCN, whoſe length is determined by the 
kfſer Line of Defence, determined by the former Computation, 
vhich in like manner may be placed in the former Table. 
lirdy, Having drawn thro' N and O a Right Line produced 
on both ſides, and alſo from AO and BN, having cut off the 
Faces A E, BF 24 Perches, from the Points E and F draw 
he Wings E H and F G at Right Angles with N O pra- 
| „„ W4 duced 
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duced. Fourth h, From the ſame Tables having determine 
the Necks or Gorges H 4 and G b, you will alſo have the in. 


— 5*5ð*ĩ— 2 


4 ner ſide « ö, and the Capital Lines, Ge. 4 £ 

＋ 4. I have not yet ſeen that Emendation which you have intimani No 

| © about the beginning of Queſt. 2. 

ö I will therefore now give it you more fully, viz. ſince the ——__ 

a external ſide A B doth always decreaſe, being greater in leſſer ert 

a Fortihcations, or of fewer Baſtions, but leſs in thoſe that are 

þ larger, and have a greater number of them ( which ſeems to 

10 be very little agreeable to Reaſon) we will here accommodate or 

14] alſo the Belzick Method to that of the Moderns, and the ext Le 

0 rior ſide A B we will ſuppoſe to be one and the fame in d Y 
Polygons; ſo that it may conſtantly be taken 80 Rbinln way 
Perches ; and from this Suppoſition we will proportionally c.. 


duce the Lines neceſſary for the future Delineation, vix. DCAO 


talures q 


* and AZ. (for in this place we ſhall have no need of any ma f. 4 
4 vir · by working by the Rule of Three. FO 
«thi Firſt, As the outſide A B already found (e. g. in a Quadran Kur $ 
uy _ gle 82 Perches, 4 Foot) to the perpendicular DC 1 1 perche 

Wh: that is, 110 decimal Feet (for to make uſe of Duodecimi To b 
WI would be very laborious, and of a ſuperſtitious nicety) ſo ifiMloderns 
Wo the ſide 80 to a fourth: or alſo more compendiouſly by tb r the | 
1 halfs of the ſides. . rr req 
bo | Second, As A D 41 perches, 2 Foot: to the perpendiculariſte midd 
54 DC 11 perches, or 1x0 Foot: : ſo is 40: to a 4th, Go. ich ur 
on Line of Defence AO 54 perches: 1 1 feet. ſot. J 
f Semidiameter A Z. 58 perches: 2 feet. Cundef 
1 44 And after this manner theſe being found through all the Poly Wperches, 
{4K gons (or at leaſt through 8 or ? Baſtions) we will reduce them B F. 
7 into the following ſhort Table; from which afterwards theWWidchnite 
1 Deſignation of every Polygon may be perform'd according i upendict 
: xo Method preſcribed at the end of Queſt. 3. as like as poſition, 
i bly it can be made to the Deſignation of modern Writers. Ne ON 
1 EI oO EE jou may | 
1 f by thi 
9 net call 
nl y ez, t 


Belgick Form. 


—— 


1 TABLE of Lines for Fortif 
Side which is taken all a 
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ing the Extern! 
long of 80 Perches, in the 


0 Fr the Fortficaion TV. V. | VI VIV 
er — | —— | | N con 

ſe _JÞ.F{Þ. F. P. FI P. F P. FI P. F 
F rpendicular DOG Po. At 3. 2/14. 8015. 1[t7. 3ſt 8. 3 
ee % 452: gr 530. ghd. 5 
Leer Semidiameter 43 | 39. 9 49. 859. 4470. 086. opt . 21 


5. Aleho' the Uſe of this New Table bath already ſufficiently been 
hen ae the end of Queſt, 3. yes I defire #6 have it explain'd ly 
Hs | 


m feculiar Scheme. Py 

les | , | 

ul To begin there the Belgick Form, after the Method of the 
o if) loderns, draw, firſt, the Line A B (Eg. X.) of 80 perches . 


r the external Side, or exterior Polygon: Secondly, If you 
Fere required to make a Septangular, v. g. F ortification, from 
the middle of the external Side, let fall the perpendicular D C, 
Which under the Numb. VII you will find to be 15 perches, 1 
hot. Thirdly, having drawn croſs-wiſe from A and B thro' 
C undefined Lines, from them cut off AO and BN 51 


oly rcbes, 5 foot; and from theſe alſo cut off the two Faces A E 
hemd B F 24% Fourthly, having drawn thro' O and N an 
; thefWdcfinite Right Line on both ſides ; from E and F let fall the 
g tol@:endiculars E H and F G upon ON for the Wings of the 


kition, Fifthly, from H and G ſet off on both ſides, in the 
ne O N produced, the Necks or Gorges H « and G 6, which 
u may take from the Table of Lines in Que. 3. Chap. II. 
| by this means you will alſo obtain the inner {ide (by the 
neh call d Pohgone interiour ) ab ; ( where indeed we mult. 
es, that if any one is deſirous to follow, fo rigidly, the 
eures of the Lines, even of thoſe that are fo ſhort N a 
e SO 4 | Fi. 7 ecks 
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Necks are, then the faid Numbers are ——_— too large in 
Quadrangles, Quinquangles, and Sexangles z and in a Septangh, 
and the following ones, they are ſomething too little and there. 
fore that the moſt exact lengths of theſe, eſpecially in the 
Necks or Gorges, muſt be computed to the conſtant length 
80 perches of the external fide, and ought to be inſerted into 
the preſent Table). dixthly and laſtly, from « and b, with the 
diſtance of the 5emidiameter 41 70 perches, o feet, make an 
InterſeQion for the Center à, from which a Right Line being 
drawn to A, will give the greater Semidiameter A Z, togethe 
with the Capital Line A « (ſomething more correct in the for 
mer aſe) and with the diſtance of this A Z, if, ſeventhly 
thro' A and B you draw an obſcure Circle, the other external 
fides alſo may be determined, and fortified after the ſame man 


— 


CHAP. In. 


Giving an Account of Melder's Form, which n 

talen from the Correction of the Vulgar Belgie 
Form, and alſo reducing it to the common Methn 
of the Moderns. 


1. Erardus Melder,who otherwiſe was à zealous Defende 
of the Belgick Form of Fortification againſt Henry N 

ſiu, yet he found in it ſome things that he could not very we 

_ approve of, and this was one chief thing, that in the commo 
Belgick Form, according to the old Method of Freitagius al 
others, in Quinquangular, Sexangular, and other Fortificatio 
of fewer Baſtions, both the Wings happen d to be much leſſe 
and alſo the Defence much more diminiſh'd than in others of 
greater number of Baſtions; and ſince thoſe Belgick Forms, © 
means of their ſmall number of Baſtions, and the ſtraitneſs « 
their Area and Ambit are ſufficiently weak already, that it i 
pears that they are ſo infirm that they need not be rendre 
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of FORTIFICATION. ug 
more ſo, without neceſſity, He thereſore endeavour'd only to 
afign the ſame proportion to all the parts of the Baſtions in 
every kind of Polygons, and by this means to reduce them all 
to ſome equality; II. Viz. He ſuppoſeth in the Greater 
Fortiicarion (that he calleth the Greater Royal, whoſe inner fide 
js equal in length to 60 Minland perches, the Leſſer Royal For- 
tication, in Which the exteriour ſide contains but juſt ſuch a 
length, and that he. calls a Mean, which | obſerves a Medium 
herrveen theſe Terms, viz. whoſe interiour ſide is leſs than 60 
perches, and its exteriour one ſomething larger, being taken in 
the ſame fort of Meaſure) the inner (ide to be equal to 60 
perches, the Gorge 12, the Capitpl 23, and the Wings 10, 
{except in a Quadrangular Fortification, whether of few. or of 
many Baſtions, defining by Calculation the remaining Lines 
ind Angles (excepting the Angle of the Center and Polygon, 
which remain always the fame) according to the nature of the 
Suppolitions, as may be ſeen by the following Table, which 
we have contracted from his much larger one. N 
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| For Delineating the Melderian Form after the French Manner. 
T | | iv I V | VI | Vil | VII "Ix 5 X XI | Xa 
Leſſer Semidiameter 4 12 47 Joo. 08. 1 8. 4557. 17: 106. 6116. © 
| The Exteriour Side A B ſz. o8s $8. 013 o. 6770. al 5. 6073. 6| 2. 8 71. 6 
| "The hondary Wing OG I. - 7. 0/72. 305. * * q 20. 1 >» 21. 4 
Leiter l Lin of Defence AO 64 866 $51. 2047. * .. . o 40. 2| 39. 2] 
The Face AE [29. 026. 8025. 5124. 4 93. «|22. 2 12. © 21. 6 
e e e e 
- Angle of the Baſtion EA 4% f. 1271. 46 74. 16176. 3678. 00. 2200. 44] 80. 58 87. 30 
E Diminiſh'd i'd Angie EAB 1 2418, 37122, 53 25. 5528. oo 19132 8 33. gl 24.15 


III. If therefore now we would perform the fa 


(which this Table would eaſily help us to do, 
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Of FORTIFICATION. zor 
in according to the Belgick Way, from the Center and 
75 Semidiameter) beginning according to the Modern. Way 
the exteriour ſide, there s nothing elſe wanting but to define 
he Perpendicular D C, ler fall from the middle of rhe exteriour 
(de, to the point where the Faces produced, or leſſer Lines of 
Defence croſs one another; which may be done here, by the 
telp of the Right angled Triangle D A C (Fg. X) juſt after 
be ame manner as was done in Chap. Ill. Numb. 3. by infer. 
ring for every Polygon: As the Right Sine of the Angle ACD: 
w the Right Sine of the Angle CA D (both which Angles 
nay be found in the foregoing Table) :: ſo is AD the half 
of the exteriour ſide: which you may take alſo from the ſame 
Table) to the Perpendicular D C: which Trigonometrical O- 
gration, being continued to a Fortification of Nine Angles, 
vil furniſh us with the following „ 
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VI. Having thus prepared this Table as a Supplement to the 
former, from them both you may Deſign the Protography of 
| the Melderian Form, after the new Method, very briefly thus; 
Firſt, for the external {ide draw an indefinite Right Line, and 
from it cut off the {ide A B, of that length which is defined 
in Tab. I. under the Number of the multangular Fortification, 
given to be Deſigned. Secondly, from D, the middle point 
of this ſide let fall a perpendicular Line, which muſt after. 
wards bedetermined in that Meaſure which is ſet down under 
the ſame Number of the Fortification deſired in Tab. II. Third 

ly, having alſo drawn Right Lines from A and B thro' the 
point C thus found, take their Meaſures from Tab. I. under the 
Title of the Leſſer Line of Defence A O, and equal to this 
| draw BN thro' the points N and O. Fourthly, draw the in- 
ner {ide « b, which muſt be defined by ſetting off 30 perches 
en both ſides of the continued Perpendicular D C. Fifth, 
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from « and b, with the length of the leſſer Semidiameter 4 T 5 
Vvhich muſt be taken alſo from Tab. I. make an InterſeQion, and Wings, 
it will give the Center Z; from which if you draw Right... «dl, 
Lines thro' « and, reaching out to a convenient diſtance far. Ak 
ther, you will have the Capital Lines « A, b B, wm ay fe gon 
very where 23 perches. Sixthly, if from the inner fide a ang 
you cut off the Portions « H and 5 G, for the Necks oi br 4 
Gorges, 12 perches; and if upon H and G you ered the fe "a 
pendiculars HE, G F 10 perches J (except in a Quadravg wl to a 
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"CHAP. V. 
leaching how to Deſign the Villeian protogra hy © 
bath after the Ancient and Modern Way, Phy, 


Efore Mr. Vauban, Engineer to the French King, had 
invented his New Form of Fortification, which we 
full ſhew hereafter, the Form of Mr. Antony de Ville, a French 
night, was for a long time highly eſteemed, and greatly 
made uſe of, which was very much like the Belgick form, e- 
fecially as to its Protography: For, firſt, he pleads for, and 
mes the Wings perpendicular to the Courtin. Secondly, he 
ies, and by a troubleſome Operation finds the ſecondary 
Wings, or ſecond Flancks (by the French, Les ſecond Flancs) * 
irdly, he chooſeth to make the Angle of the Baſtions a 
Roht one; fo that from an Hexagon, incluſively in all other 
ch gons, he makes it at leaſt 90 Degrees. Fourthly , ac- 
vrding to his Method, the outer and inner {ide are much 
ger than in the Belgick form: And, fifthly, he makes the 
Neck or Gotge equal to the Wing, viz. taking them both e- 
Il to a ſixth part of the inner fide (which fide he ſuppoſeth 
obe about 180 paces) or 30 paces; and the greateſt Line of 
Defence a bout 1 82 paces long; you muſt ſuppoſe them to be 
eometrical paces, of 5 foot each, ſo that 2 paces is equal to 
I perch of 10 foot. | | 
ll. The Manner therefore of laying down the Protography 
ade uſe of by Mr, de Vile, begins alſo as the Belgick with 
te internal ſide, whoſe ſixth part gives the Necks a H, or «6, 
dbG, or bg; alſo the Wings perpendicular to theſe 
E or he, and G F, orgf; and having drawn the tranſ- 
ſe Lines E, F F; if on their middle points, as Centers, 
u deſcribe Semicircles, and from the Center Z you conti- 
ue the leſſer Semidiameter Z. 4 and Z 5, to the aforeſaid 
micircles in A and B, you wlll alſo have the Faces E A, or 
u and FB, or 7B; and conſequently the whole n 
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of one fide, which muſt be repeated after the fame manner i 
the reſt of the ſides. , 5 | 
III. But to lay down the Protography of a Fortification 
according to Mr. de Vile, firſt, according to the ancient wy 
and then according to the method which is uſed by moſt of the 
modern Writers, we muſt compute two diſtin Tables, M... f 
large one for the ancient way of Deſignation, and a ſhort "ty 
for the modern; or rather to compoſe them both from a con lth 
tinued Computation of the Angles and Lines. Now this Com 5 5 
putation may be made after the ſame manner and order t . ane 
was uſed in Sec. I. Chap. II. and III. viz. becauſe the little d 5 
miniſhd Angle EAD, or the alternate one EC H (Eg. ll 
may alſo be found here very ealily (viz. by ſubtracting half th 
Angle oſ the Baſtion, which is every where half a Right one * 
or 45 Degrees from half the Angle of the Polygon) and be 4 1 
fides this, alſo irs Complement H E. O, and conſequently ne 4 
fide H E, or the Wing of the Baſtion, having theſe Da vit th 
the Triangle EH O; Firſt, by the Rules given and apply! 
in the above quoted I. you will eaſily find both the portion 
the Line of Defence EO, and alſo the portion of the Count 
H O, or its Complement, or ſecundary Wing O G. Second 
in the Rectangled Triangle « H Q, according to M. f Ar 
way of drawing it, from the given Neck « H and the An 
Q (which is half the Angle at the Center) and Qa 
(which is half the Angle of the Polygon) may be found bot 
Q, Q«: Likewiſe, thirdly, in the Right angled Triang 
QRE, from QE, which alſo is already known (viz. bei 
compounded of QH and H E and the Angle HQR, and! 
Complement RE Q, may be had the tranſverſe Line RI 
and conſequently RA, which is equal to R E, and fro 

| theſe may be found the Face AE, which being added 
the portion E O, gives the whole Line of Defence A O: A 
from the aforeſaid Data you may find QR, and conſequent 
the whole Line QA, from which if you ſubtract Qa you 
bave the Capital Line Aa. Hence alſo, fourthly, in the Rig 
angled Triangle RAE, RA and RE being now know 
and the angles at A, E, which are Semi- right ones (or alſo wit 
out theſe Angles) the Face AE may be found (as we have 
ready faid) and conſequently the whole Line of Defence 4 
Fifthly, the Capital Line à A, which is found above, _ 
© I Ang 
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1 Anglesat A,, being known in the Right angled Triangle a SA; 
having found the part S A, if you add it twice to the internal 
(de a b, it will give the external ſide A B, and therefore its 
half AD; from which, Sixthly, by the half of the Angle CAD 
ind ACD found by the former Operations, you may at laſt ob- 
uin the perpendicular D C, which is the chief thing ſought. 
grenthly, laſtly, in the Right angled Triangle a d Z, becauſe 
on half the inner ſide 4 d is known, and alſo the Angles at 4 Z.; 
on pu may find the leſſer Semidiameter a Z., and conſequently (by 
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moles at the Center and the angles of the Polygon remain un- 
cangeably the ſame, we ſhall here only ſer down the angle of 


ta aing the Capital A 4) alſo the greater A Z. it 
IV. Now then well prepare thoſe Tables of Angles and "Ml 
Lines which are neceſſary, more eſpecially for Deſigning any | 

1 Regular Fortification after the Modern way. And ſince the 0 g 
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ute Baſtion (which is all along ſuppoſed to be a Right one) 
* viththe reſt of the angles depending on it. | 
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rf Angles for the Villeian Form of Fortification. 
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we ſhall colle& but a few, and place them in Table l. viz. ſuch 
as we ſhall have occaſion for to compleat Table IIL 
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Of the Principal Lines for Villeius's Form in 2 Geo: 
metrical Paces. 73 [7 
| Lines in Iv V fu VI VIIIVIII [X | Per 
Part E © of Line of De-|paces|paces ” = Lei 
fence 124[124/I15] g1] 78 | 71 — 
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: 15 7 | | the ez 
The Lines alſo of this Second Table give occaſion of form that J. 
ing a Third, which contains only thoſe Lines which ſerve fo D let 
the Deſignation of the ſame Protography after the * oft 7 was 
es 


Moderns. 
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uch | - | -Þ 
TABLE III. 


For Fortifying the External Side after the Modern 
Way, working from the Outſide towards the Center. 


tor the Fortification in | IV | V | VI [VII VIII Ix | 
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Perpendicular D, C 35 N 300 310 40 46 | 52 
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Lefſer Line of Differ. A,O 20Gpace 1890173 14" [132 124 
e ee 1 0 — 
; Leſſer Semidiameter a, Z . 27 [153[180/207]235 264 
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V. Now to diſpatch this Protography of Villeius according to 
his own way, beſide what has been ſaid in Number 2. there's 
nothing elſe wanting, excepring only the leſſer Semidiameter 
aZ, which we have ſer down in Table Il. alſo both the ſecond 
and third Tab. do more eſpecially help to perform the ſame after 
the Modern Way (viz. beginning the Deſignation at one of 
the external Sides) for having drawn the external Side A B of 
that length which is expreſt in Table II. from its middle point 
D let fall the perpendicular D C, whoſe length you may find 
in Table III. then from A and B thro' C croſs-ways, draw the 
Lines AO and B N, according to the ſame Table II. Thro' O 
and N draw an indefinite right Line, and from the middle point 
dſet of on both ſides 90 paces, or 45 perches d a, db, and 
thus will you have the inner ſide 4b 1 80 paces, or 90 perches, 
from which alſo ſer off the Gorges 4 H and b G, and erect the 
Wings HE and GF of an equal height, and finiſh the re- 
mining part of the Operation as above in Number 2. only here 
LY we muſt make uſe of the Semidiameter A Z. | 

VI. This alſo we muſt hint, in a Word or two, that this 
met od of computing Lines in the Villeian Form, which we 
hay taught in Nam. 3. can't fully be practiced in a Quadran- 
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gular and Quinquangular Fortification, - viz. that part of the 
Hypotheſis being dehcient where the Angle of the Baſtion is | 
ſuppoſed to be a right one; which is impoſſible to be done in 
theſe two Polygons, unleſs you'd have them left deſtitute, not 
only of the ſecond Flancks, but alſo the primary ones, and 
ronſequently without any manner of defence. Wherefore be. 
ing unwilling to loſe the ſecond Flancks (which in an Hexagon 
can't be taken above the length of five Paces) they take the 
Line E G for EO; and from the two known Lines E H zo, 
and H G or HO coincident with it in this Caſe) which is four 
times 30, or 120, we conclude that»EO will, in both Calc, 
be 125; and moreover by the help of the Angle EG H, or | 
its equal alternate one E A B (before found in the ſame Ti. 
angle EG H) we conclude, that the half of the Angle of 
the Baſtion a A E in a quadrangular Form is 31 Degrees, in 
a Pentagon 40; and from theſe we deduce the remaining 
Lines (e.g. the Capital a A by the means of the things given 
in the Oblique angled Triangle G e A. 25 


HA 


Explaining the Deſignation of the Reyherian Form 
of Fortification; and alſo accommodating it to the 
more general Method begun above. 


I. THE Belgick Form of Fortification, which we have ex. 
plain d above in Chap. III. altho®, even now, it is much 
in uſe (becauſe tis leſs chargeable than any other) yet by the 
Moderns it is charged of being every where full of Errors and 
Defeds, ſince Count Pagan hath ſhew'd them the way, and as 
it were broke the Ice, who was afterwards follow?d by Ruſiu, 
and then by R yherus and others, who invented new Forms, 
Abich in their order we ſhall explain and examine. But of all 
theſe, we ſhall firſt conſider the Reyherian Form next to the 
Villeian, already explain'd, as coming nearer to the common 
Belgick one, by its plainneſs and ſimplicity. 1 
| . II. This 
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II. This Perſon in a publick Diſputation about Fortifications, 
held at Kilo in the Year 1668. Firſt, with Ruſiu arid Pagan he 
rejecteth the method in the Belgick Form of ſetting the W ings 
perpendicular to the Chord, or Courtin, and rather chooſeth to 
make them perpendicular to the leſſer Line of Defence, that fo 
the Defence might be made much more correct and ſtronger, 
Secondly, he would have the Faces and Courtins (being the 
only parts of the Fortification that were chiefly expoſed to the 
Inſulrs of the Enemy, and therefore ought to be the more carc- 
fully defended) to be longer, and on the contrary, the Wings 
to be ſmaller, Thirdly, (as near as I can remember) He e- 
ſteemeth the ſecundary Wings, which in the Belgick Form was 
ſuppoſed to be a great help,. of no uſe at all, becauſe of the 
too much obliquity of the Line of Defence, which by reaſon 
of the too much encreaſed breadth of the Breaſt: work, was 
rearly parallel to the Horizon, and conſequently would ſcarce 
cover the edge of the Trench or Ditch. 

III. Being therefore about to ſubſtitute a better Method 
than the common Belgick Way, becauſe more ſimple, and leſs 
coſtly, and which leads into that of Paganus and Ruſianus, he 
Jays down theſe Foundations. Firſt, he makes the outer {ide 
not to exceed 70 Rhinland Perches; Secondly, he placeth the 
Wing perpendicular to the Line of Defence; And, thirdly, 
he leaves out the ſecundary Wing. Fourthly, he makes the 
Wings of the Baſtion equal to a 3 part of the exteriour 
fide, Fifthly, the Angle of the Baſtion in a Quadrangle Pen- 
tagon and Hexagon he makes 60 Degrees, in other Fortificati- 
ons it may be had if you ſubtract 60 Degrees from the Angle 
of the given Polygon. Upon which Foundations he afterwards 
eltabliſhd a particular way of delineating Quadrangular and 
Quinquangular Fortifications (which to avoid tediouſneſs, ſince 
tis ſomething laborious, we ſhall here omit) and another for 
the reſt of the Polygons which is much more eaſy, and there- 
fore we will here ſet it down, viz. upon the exteriour {ide A B 
(Fig. XII.) he conſtructeth the Equilateral Triangle A H B; 
and, ſecondly, makes B I and A K equal to half A H. Third- 
ly, baving drawn A I and B K, from them he ſets off the Faces 
AN and B M, equal to + of AB, Fourthly, alſo having 
dawn M N on its middle point O, with the Radius ON, he 

55 deſcribes 
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deſcribes a Circle cutting the Lines A I and B K in P and Q; 
which being done, he draws the Lines PN and QM for the 
Wings of rhe Baſtion, and P Q for the Chord or Courtin, e- 
qual to one another, and almoſt to the Faces. E 
IV. Bur I believe ic will be better to reduce this Method of 
| Delineation allo toa Calculation, and fo diſpoſe it into Tables, 
and to accommodate it to the general Method of the Moderns, 
as we have already done in the Belgick and Villeian Form: 
To do which, firſt of all the diminiſh'd Angle D AN nuft 
be determined by Numb. 5. of the foregoing III. Secondly, 
the Perpendicnlar D C mu t be found by the help of the Right | 
angled Triangle AD C (in which is always given the dinj- 
niſhed Angle D A C, and its Complement D CA, and half 
the exteriour {ide A D, which is always 35 Perches ) viz. by 
inferring : As the Sine of the Angle AC D: to the Sine of the 
Angle DAC:: fois A D to DC ( or as Radius: to the 
Tangent of the Angle D A C:: ſo is AD: DC). Thirdly 
and jaſtly, the length of the Semidiameter A Z. (which in an 
Hexagon is equal to the ſide AB) in any other Polygon may 
be found by the fame Proportion that was made uſe of in N'. 
6. III. of Chap. II. viz. by inferring ; As the Right fine of 
half the angle at the Center DZ. A: to Radius:: ſo is half the 
external ſide: (which here is always 35 Perches) to the Semi. 
diameter AZ. Which Calculation being thus continued thro 
all the Polygons, will form the following Table (excepting the 
Errors committed in Calculation, as we have done all along) 
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V. Having calculated this Table truly, by the help of it yoy 
may very eaſily work by the Reyherian Form of Fortification, 
thus; Make the fide A B 70 Perches long (fee Fig. XII.) and 


2 Foot (if there be more than 5 Baſtions) and having draw 
thro C, croſs-wiſe, the Lines ACQ, BCP ſet off in them both, 


the two Faces B M, AN 17 Perches and 2, from M and N The 1 


alſo, upon thoſe two tranſverſe Lines let fall the Perpendiculay s 
M Q and N P, and fo you will have the Courtin PO. Por 
the finiſhing of the other Parts, and alſo the reſt of the Baſtion 
with the Dittance A Z. (which may be taken from the laſt Ta- 1 
ble, according to the number of Baſtions which are to be in the p to tr 
whole Fortification) from A and B make an interfection in 2, ner, v 
and on this point Z, as a Center, deſcribe an obſcure Circle; Mach g 
in which deſign the remaining ſides Ab and B a, Gc. each 70 Hud enti 
perches, and repeat the fame that was done upon the ſide A Mublih 
and you will have the Ambit of the whole Fortification. i its [ 
VI. After a fort may be referr'd alſo hither, that Correction ie Tir 
of the Belgick Form, which Ernaſtus Fridericus 4 Borgsdorf hathſuhoſe « 
jnſerted at the latter end of a Treatiſe of his, conſiſting chiefy o ter 
in the following Circumſtances; Firſt, that the inncr {ide ought ines 6 
not to exceed 60 Perches. Secondly, the Neck or Gorge boſe e 
ought to be a fifth part of this fifth part of this ſide, and conſe · N Prach c 
quently 12 Perches. Thirdly, according to his way alſo, the ll. T 
Wings are drawn parallel to the Capital Line, and are equi vhich 
to a third part of the ſide (i. e. 20 Perches). Fourthly, the eins a 
Faces are ſhorter than the Wings, vix. 16 Perches. Fifthly and n, we 
laſtly, the breadth of the Ditch juſt before the point of the Ba- In their! 
ſtion, is equal to the Gorge (viz. 1 2 perches) but afterwards it Mrench 1 
encreaſeth by drawing a Line, not parallel to the Face of the which 
Baſtion, as the common Way is, but running directly toward: NMreriour 
the Angle of the oppoſite Wing, as in Fig. Xlll, fit; A 
1 R e r Wi 
ce, to 
1 | 0p on te 
| Molly ne 
.  Þ MW fiber, 
"Vo H AP — 
Witter of 
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CHAP. VI 
The Fortifications of Count Pagan, conſiderꝰd only as 
to their Protography, or Exteriour Ambit. 


—_ 


— 


HE firſt that ventured, not only to amend ſome parti- 

11 cular part of the Belgick Form of Fortification, but al- 
ſo to transform it into a new one quite different from the for- 
ner, was Count Pagan; a full Deſcription of which Form he 
uh given us himſelf, in a ſmall Treatiſe written in French, 
ndentirled, L Les Fortifications de Monſieur le Comte de Pagan. ] 
publiſh d about 30 Years ago. This he would have in reſpect 
f its Largeneſs, to be threefold (which the Durch uſed before 
ts Time, altho? not in the ſame meaſure). The Greater, 
thoſe exte! iour Side he makes 200 times 6 French Feet, or 


ily 100 ten Foot Perches ; the Middle one, whoſe Side is 180 
agnes 6 French Feet, or 90 ten Foot Perches; and the Leſſer, 
orge Whoſe exteriour Side contains 160 times 6 Feet (which the 
nſe-MWrch call Tozſes) or 80 ten Foot Perches. - 

the Il. That we may make the Practice of Deſigning this 
quali chich in theſe three kinds is one and the ſame, and always 
the egins at the external Side) as like the foregoing ones as we 
and in, we will reduce its three Draughts, determin'd. every where 
Ba- Wi their Numbers, into ſo many. Tables (which inſtead of the 
ds it Wrench Toes, or Fathoms, ſhall repreſent to us ten Foot Rods; 
fie which Tables the two Letters A B ſhall always denote the 
yards ueriour Side, D C the perpendicular, let fall from the middle 


fit; A E and B F the Faces of the Baſtions; E H and FG 
ter Wings; HC, or GC, a Segment of the Line of De- 
ce, touching upon the end of the Perpendicular C, and paſ- 
ig on to the Extremity of the Wing (for this Paganick Form 
bolly neglects the ſecundary Wing, which was then imitated 
} Ryberus and Others, for ſeveral Reaſons, which we ſhall 
rafter mention) Laſtly, A Z ſtands for the Leſſer Semidi- 
neter of the Ambit. (See Fig. XIV.) 

7 TABLE 
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Il, Some of theſe Lines are arbitrarily determined by Pagany 


| not without ſome reaſon, as the external Side, which he hath 


n mich larger than almoſt any one of the preceding Au- 
gz becauſe he ſuppoſed that the Defence might be made, not 
with ſmall Arms, but more eſpecially with Cannon; and 
fore that the Diſtance of the Baſtions might be taken 
ch larger than the common way; but the others he calcu. 
« from the length of this Side A B, and alſo from other ar- 
ary Hypotheſis ; among which this was the chiefeſt, voix. 
makes the diminiſh'd Angle EA D always the fame in eve- 
Polygon(viz. I 69.42/.inthe larger Fortifications ; 18*.260. 
ke middle ones; and 20. 34/. in the leaſt) that ſo the pe- 
cular D C might be of the ſame length every where {viz 
Toſs, or 15 perches) alſo he keeps that nonſenſical H 

s of the Dutch, by which they make the Angles of the 
lions, oftentimes leſs than a right one, but never greater: 
in his Book, Pag. 5, and the following). „ 

V. So that having given half the external Side A D, and 
perpendicular D C, it will be very eaſy, by Trigonometry, 
ind the Hypothenuſe A C; and from thence having ſet off 
face A E alſo of an arbitrary length ( 3o perches in the 
ter, 27% in the middle, and 25 in the leaſt. The Faces 
being much larger than thoſe in the Belgick Form, that 
haſtions might be the more ſpacious, for the convenienc 
lacing ſeveral Wings behind one another) there will re- 
in the portion EC; which being given, and alſo the Right 
ge E HC, the Angle E C H being known, the Wing 
H, and the portion of the Line of Defence C H may eaſily 
bund. The Semidiameters A Z may be computed here, 
after the ſame manner that we have fo often uſed in the 
weding Chapters. 8 
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CH AP. VIII. 
De Ruſian Form, and its Protography. 


in Print, was Henrieus Ryſivs, afterwards created 
ron of Ruſenſtien, yet, without making the leaſt mention of 
zen: He alſo makes a threefold Variety in this Form, in re 
of the external Side, viz a greater, and which contain; l 
Perches; the middle fort, which requires 90; and the 
whoſe external Side is 80 perches exactly, as Pagan hard 
Il. But in Deſigning he goes another way to work, 
firſt of all he delineates the Circumference of the Fortiba! 
in the Belgick Form, according to the Method of Fg 
and then changes this Belgick Form into his own, after a 
thod which ſhall be explain'd bereafter : But becauſe his ext 
Sides, in that triple variety, don't agree with the external { 
of Freitagius's form; therefore, neither the other Lines of 
| Fortifications can agree with his, but by repeating the R 
Three in every Caſe, they may be determined; by inſe 
thus; If the external Side of the Freieagian form (v. x, 
Quadrangular Fortihcation 82 perches, 36 foot) gives bo 
Face 24, perches; for the Courtin 36; for the Neck or Gt 
9 perches, 2 3 foot, Ge. how much will the external Side of 
Reſian form (v. g. 80 perches in the Leſſer Royal) give? 
which means there may be made three diſtinct Tables, acc 
ing to the triple variety of the Ra, much like the follon 
ones, taken from one large one, which is in G. C. M. the 
repean Engineer, pag. 81. and here ſet down ſeparately. 


J. J H E firſt that I know of, who imitated Count b. 


TABL 


Of FORTIFICATION, 


* A B L E L 
of LIN ES ſuppoſing the External Side to contain 100 Terlan 


. 


1 DIKMCKDES 5 x1 XI 
e 959. 1 2. 4485.98 98 99. 7015. 6 1 30. 285. 6641 161. 15 
laner Side = |6 65. 1769. . 44 ae 200 78. 62] 80. 50 82. o 83. 41 
Gorge 110.9 12. 63]13. 81 14-69 15. 15-37] 16. 40] 17. 22| 17. 900 18. 58 
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pin Line ee 67. 87 8. 2830. 95 31. 38 31. 54] 31. 780 32. 3 
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n 


X XI XII 
117. 24131. 11145. 03 
72. 45] 73. 88 75-07 
15. 500 16. 12 16. 65 
13. 81 13. 87 13. 92 
28. 380 28. 61 
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5 G VII . vm Ix 
Leſſer Semidiam. ax 41. 6753: 27 65. 55. 19/77. 37 89.731 03.44 

Inner side 78.0% 62 65. 19 55. 19667. 1868.67 70.75 

"Gone 9. 811. 3712. 44/13. 22113. 84] 14. 76 
Wing of the Baſtion| 8. 86] 9. 97 [T. 2002. 43/13.66 13. 74 
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III. Having thus found all the Lines neceſſary for the De 
ſignation, and reduced them into Tables, for the proper Dei 
neation of any particular Fortification, firſt of all he Deſign; 
Protography after the Belgick way, as is exprefe'd here in ty 
XV. by —_— of the Baſtions only being drawn). The 
having pro àuced the Faces A E and B E, as far as is need 
upon that part which is produced he lets fall the perpendicul 
E Hand FG, as far as the inner Side « 5; and thus i; th 
Belgick, Protogaphy, with very little trouble changed into 

ian. | n ; | 
N IV. But becauſe we have, above in the laſt Number: of ch 

III. reduced the Be/gick Form to a Method uſed by moſt M. 
derns, having for that purpoſed a new ſhort Table; fo we yi 
alſo reduce this Ran Form to the ſame, by the ſame way, b 
the help of three ſuch Tables; one of which ſhall be the 1: 
ſame that was given in the above-quoted Chape, which noy 
transfer hither, viz. for the leſſer Roys/, whoſe exteriour Si 
AB is 80 perches, and the Face AEQ 4: The other ty 
are for the middle Na, whoſe external Side is 90 (vhe 
the Face is 27 perches) and for the greater of 100 perch 
(here the Face is 30) and this is all vety eaſily done, on 
by the Rule of Three ; inferring thus; If 80, e. g. in a Hept 
gon, give | | I 


for the Perpendicular D C, 1 5 perches, 8 foot 
for the Line of Defence A O, 53 perches, 9 foot 
for the greater Semidiam. A Z, 22 perches, 6 toc 
What will the Side 90 perches give? TDs 
Waatwill the Side 100 perches give? Ge. 
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TABL 
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TABLE I. 


For the Royal Fortifications, whoſe Exteriour Side 
AB io, and its Face 24 Perches, 


For the Fortification 4 i V | VI | VII VIII I 
— — _ DN. 
| | P. F. P. F. P. F. P. F. P. F 
perpendicular DC 10. JJ 3. 2/14. 8[15, It 
2 of Defence A o |69. 6l55. 452. gl51. $ 


Leer Semidiameter « x [39+ 3 49. 8154+ 470. o 
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unn 
fr the Midale Royal, whoſe Side A B in 90, and 
. Face 27 Perghes, 
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TABLE It: 
For the Greater Royal Fortification, whoſe Side A 
100, and its Face 30 Perches, 


5 — 


| Perpendicular Bo: 113. 316. 518. 5 18. 9] 21.6122, « 


Line of Defence A O 87. 069 266.1 64. 4 63.661, 


Semidiameter «7 | 409. 162. 2068. ol87. 5107 lde 


V. Thoſe Tables being thus prepared, the Method of Deli 
neating the Rein Form or Protography will be the fame wit 
that of Pagan and the reſt, viz. Having taken the external did 
80 or 90, or 100 perches (according as the Greater Roy 
Fortification, or Middle one, or Leaſt is deſired) from i 
middle point D, let fall the perpendicular D C, of that lenę 
which is contain d in the correſpoading Table; and havin 
drawn, croſs-wife, Right Lines from A and B thro C, juſt a 
if they were Lines of Defence; on them ſet off the Faces Al 
and B F, and from the points E and F draw the Wings per 
pendicular to the oppoſite Lines of Defence (continued as fl 
as is needfu]) then take AO and B N from the Tables, anc 
draw the inner Side O N, which will determine the length e 
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CHAP. IX. 

The Pr — of Mr. Vauban's Form of 

. ortitication, 


HE ingenious Inventions of Count Pagan, have not 

only given a Riſe to Refius's, but alſo to Mr Vauban's 
xd ſeveral other Forms of Fortification, according as it has 
eaſed them, either to take away ſomething, as being too 


1140 


re, which they thought would conduce to the Greater De- 
F Deli 
e witl 
ual Sid 
Roy 


e ſhall deſcribe every one of theſe Forms (whoſe Protogra- 
by only, and firſt Lineaments are given here) more fully in 
their parts. | 
Il, Mr. Vauban, Engineer, (as we call them) Chief, or Mi- 
tary Architect to the preſent King of France, imitates Pagan 
ry much, whiles, Firſt, from the three various lengths of the 
ide A B (viz. 200 fathoms, 6 foot each for the Greater; 
o for the Middle; and 160for the Leſſer Form) he chooſ- 
th the Middle one 180, or 90 perches; and makes it his 
mtnual Practice and peculiar Way to do ſo. Secondly, be- 
uſe be begins his protographical Deſignation at the external 
ie AB, and worketh by the help of the perpendicular DC, 
; after that Method, to which we have hitherto endeavour'd 
b reduce all the Forms. Thirdly , becauſe he placeth the 
ings E H and F G perpendicularly upon the Lines of De- 
ce AG and BH. Fourthly, becauſe he draws back his 
ings behind a Shoulder, and imitates him alſo in ſeveral o- 
er . which ſhall more properly be ſhe wn in the follow- 
ages. | E 
Ill. Yet he retains ſome of the old Belgick n as 
ut about the angle of the Baſtion, the ſimplicity of the Wing, 
ad the like : Whence it comes to paſs, that in his form, nei- 
tr the length of the pee D C, nor of the faces — 
| > | . an 


ally and chargeable, or to add ſomething, in ſome certain 


knce of the Place, as will evidently appear hereafter, when 
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IV. From this Table, by the Method which we have uſed 
il along in every Form, except only in one or two Circum- 
ſances, the Vaubanian Protography may alſo be perform'd thus. 
ft, having made the external Side 90 perches, from the 
middle. of it let fall the perpendicular D C, of a fit length in 
proportion to the number of Baſtions. . Secondly, thro' C 
nw croſs-wiſe the undetermined Right Lines ACG and BCH, 
nd in them ſet off both the Faces A E and B F, and alſo the 
Lines of Defence AG and B H, according to the length ex- 
refs'd in the Tables, the Right Line connecting the points G 
nd H, viz. G H is the Courtin, alſo EH and F G are the 
rotographical Wings, or the Wings of the firſt Deſignation ; 
zhich Deſignation we intend only for this place, and which, 
tirdly, may be continued round the whole Circumference, if 
zh the Radius A Z. you find the Center Z, and deſcribe a 
cle paſſing thro A and B, fortifying the exteriour Sides af- 
the ſame manner. e 8 Zh 
V. But how thefe Flanks E H and F G afterwards come to 

ave ſemicircular Shoulders, taking up one third part of them 
gert to the Face, and how to the other two thirds there is ht- 
td another curvilinear Wing, and what are the other Proper- 
tes belonging to the Vaubanian form (ſee Fig. XVI.) we ſhall 
dach in the following Section. For this place there yet re- 
mins rhis one thing, viz. that we ſhould explain the more di- 
ſinctly thoſe things which he ſtill retains of the Belgich form, 
rom a French Book, Du Chevalier de Chambray ; publiſh'd at 
nſierdam in the Year 1689. and from thence alſo teach the 
ulation, by help of which the laſt Table was made (which 
þ alſo more larger in Chambræy) if we had but room in this 
book, which we have not. mM | 
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had ſpent all his Life in the ſtudy of Military Architecture 


the Defects that were in the ordinary and common Methods o 


Side A B 200 fathoms, or 100 perches ; in the latter 170 fa. 


_ the following manner; The Angle of any Polygon B A 6 be- 


CHAT x. 


Of the. Firſt Lineaments, or Protography ) of M. 
[ Blondes Form. 


I. Landelluu, formerly Tutor to the Dauphin in Mate: 
maticks, and afterwards Marſhal de Camp, after h 


and ſome other parts of the Mathematicks, he viſited ll the 
fortified Places in the habitable World, taking upon. him the 
Office of an Engineer in ſeveral Sieges, both on the Offenire 
and Defenſive part; and by this means he diligently obſerved 


Fortification , alſo he took notice of ſome that were in the 
new form of Count Pages ; and at laſt invented another form 
made up partly of Pagan s, and partly of the Belgick, which i 
ſo well furniſh'd with new Improvements, that in the Opinion 
of its Invention, that it excels all other forms that have preceded 
it: A full Deſcription of which, Blondellius himſelf at length, 
by the permiſſion of the French King, publiſh d Anne 1684. 
entitled Þ Novelle Maniere de Fortifier les _— „„ 

II. In his farm he makes two forts of Fortification, a Greater 
and a Leſſer ; in the former of which he ſuppoſeth the external 


thoms, or 85 perches. The firſt Lineaments he Deſigns after 


ing given Fig XVII.) ſetting your Compaſſes in A, deſcribe 
the Arch IK, at which aperture you pleaſe ; from which cut off 
from the Arch 12, 60 Degrees, and the half of it 30, ſetolt 
to 4, ſo that the whole Arch I 4 may be 90 Degrees; biſſed 
alſo the Arch 2, 4 in 3; and the remaining one 4 K triſſect 


in 5 and 6: Then take in your Compaſſes the Diſtance 30. 


and ſet it back from K to E, and from I to e: Likewiſe from 
L. to F, and from i to f, Cc. drawing indefinite Lines from 
A thro' E, and from B thro? F, cutting one another mutually 


in 
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u C Oe. Then take the half of A C for the Faces A E, BF, 
!. of the Side A B ; which being done you will have alſo the 
Wings F G, not quite, but almoſt perpendicular to the Lines 
of Defence; and conſequently the Courtins G H and yg þ will 
e found ; and thus the whole Perimeter of the firſt Deſignas 
yon may be faniſh'd. = | . 3 | 

Ill. But it will not be very difficult to reduce this ſomething 
ore laborious Delineation of Blondelliu to that common Mea 
jd, which we have uſed in all the other Forms; for here 
; nothing elſe wanting but only the Length of the Perpendi- 
ar D C, which may readily be found by the Right angled 
tangle A D C, whoſe Side A D is known, and the diminiſbd 
Ingle EA D may eaſily be had from what hath been already 


ſve il (for it is always equal to the arch 3. 5, which is made 
redo of the arch 3, 4: 15“. gr. and 4, 5) or of a third part of 
4 offi: Remainder of the angle of the polygon after I 4, 90. gr. 

| the {WS fubtrated from it) by the very ſame Calculation that 


iy 2 > in Chap. II. Numb. 3 for the reducing of the Bel 
N Methol. e . 
IV. Since therefore that Nandelius hinaſelf, with ſeveral O. 


eded en, hath already computed the diminiſh'd angle E A B, and 
gh, h reduced the Lines of the 3 into a large Table, 
58% bing from the diminiſh'd angle of every Polygon (which 


ges us in a Quadrangle 15 Deg. in a V 21 Deg, in a VI 
Deg. in a VII 27 Deg. 52 Min. in a VIII 30 Deg. in a 


eater 

ernal 32 Deg. 40 Min. ina X 24 Deg. in XI 34 Deg. 5 Min. 
o fa iXII J Deg. ) computed the . N Tetra- 
after n 13 Deg. 4 Min. in a __ Deg. 2 Min. G. have 

; be- Y eaſily compoſed the two following ſhort Tables, much 
cribe Ie the Tables of the foregoing Forms, eſpecially that in 


„„ ä 
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ddle of it let fall the Perpendicular DC, of a correſponding 
— to every Polygon. Secondly; Having drawn from Fi 
id B thro? C, croſs-wiſe, indefinite Right Lines, and in them 
ct off AG, BH, 60 Perches, and alſo the Faces 130 Perches, 
daw the Right Lines E H, F G, which are the Wings (Eg. 
WII.) and then will G H be the Courtin. After which, 
hirdly, by the help of the greater Semidiameter A Z, the 
whole Ambit of the Protography may be finiſhed, as we have 
often taught already, PR - 


# 


* 
1 0 


„ 4 „ 4 


-< H AP. XI. 


4 The Scheiterian Form of Fortification. 


a 4. _— w — 


{ HIS Form (if I am not miſtaken) was invented by 
one Jobn Bernhards Scheiter, a Colonel ſome time of 
memberg, which afterwards was explain d to us more fully by 
g. Conradi Martius, in his Brandenberg, or Exropean Engi- 
er, Part III. Pag. 83, Ge. from whence we ſhall transfer 
ther the chief things, together with the Tables of Angles 
Lines, conſtructed for the three ſeveral Varieties of Royuls, 
Mm a Quadrangle to a Dodecagon, but we ſhall take it only 
m Quadrangle to IX angle incluſively, N 
Il, He therefore imitating Pagan and Ryſw , Firſt, to the 
ternal Side he conſtantly alloweth in the Greater Royal 100, 
the Middle one 90, in the Leſſer 80 Perches; and the Line 
WW Defence in the Greater he makes 70, in the Middle one 
— ,, and in the Leſſer 60 Perches, or 10 Foot Rods. Second 
He places the Wings perpendicular to the Line of Defence, 
duſeth no ſecondary Wings, except when the exteriour Side 
y chem extended to 110 or 120 Perches, and then in the former 
nat pefſale he makes the Line of Defence 80, in the latter 90 Perches, 
1e foreFom whence there follows no Diſadvantage, but makes the 
ner Baſtions (which he calls Bollwerke, which we ſhall 
tak of hereafter) rather more convenient; by this Means - 
0 


* 
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ſo the Ditch between, may be made larger. At the fame tin 
alſo he gives us the following Tables, proper for this Deſign, 
tion, which we have, a little, contracted, . concealing ( 
Niurtius ſuppoſoth) the Data which are neceſſary for their C. 


TALES 
Of the Chief Angles (omitting only the Angles f. 

Center and Polygon, which in all Forms is the ſam, 
in all the Three ſorts of Royal Fortifications, 


Fortification iy |V [vi VI Vil x 


—-— 


| Angle of the Baſtion 64 | 76 "te 90 | 95 


Diminiſh'd Angle EABI 13 | 16 | 18 | 19.17] 20 


angle of the Wing ELI | | 5 N 
with the Line of Def. EG 64 58 54A 51.26 50 45 
angle of the Wing 1 1 
with the Courtin 103 106 [108 [199.171100,111,36 


1 —_— 
* 


* ' * 


TABLI 
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TABLE I. Ab 
the Chief Lines for the Greater Royal Fortifications. | 
. e 


. 


——— — 


Greater Sem. Az 70. 71 185. 113.25 130.65 146.1 

Leſſer Sem, a7 148. 1 — 22 75.03 That 1 we | 

luer Side ab (68. 1071: 9673: 0307. 74 480. 1681. 33] 
#1 Neck, @ HL . 8418 == 92/22. 804. 3165. 54 
ſame | 


cite! Line « A |22. "7X 9424. 9735. 65/25. 9327. 29 
NS, 


Wings theBaſ 9. 241. 3 3. 02/14 —— L 5. 85 


1 S 


face AE 


36. 9235. 2434 12/33. 26 32. 5. 64 
30. 5232. — 1931. 2931. 51 
| — 


T AB L E III. 
Of the — Lines in the Midale Royal. | 


2 , YR WIV KAKE VIII * 


111.30 uter Sem. A 2 63. 63]76. 5590. Go Gain 721 17:59] 
"Wiſer Sem. 4 2 2. 96054. 4166. 8179.90 93.53 


wr Side pn ms > 7563 96166. 81 9.31 71. 5807 
& H 2. o4 14. 5006. 59118. 3019. 71 


git! Lins 4A |20. 67]22. 14/23; 19/23. 82124. 06 
Ving of the Ba. EH og. 17 — 12. 84113. 81014. 35 
r A E 5. 24025. 3725. 46125. 52125, 55 
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[Face HE 119. 9719. 94/19. 9019. 84119. 81119.7, 


III. As to the Protographical Delineation, which is is | 
perform d by theſe Tables, Scheiterus makes it of two fort 
one beginning at the external Side, which being given of 100 


Bin both places, the length of the Line of Defence A G, « 


| Gand H, from which erect Perpendiculars upon any one q 
5 | — 
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| SOS TABLE IV.- 

of the Chief Lines for Leſſer Royal Fortifications, 
Brifearm | IV. |. V |. VI | VEL [VI] I 
Greater Sem. A z 56. 56068. o5 80. oo 
Leſſer Sem. ax 37. 33047. 61058. 60 


ner Side a b 53. 19155. 96058. 6061, 78062. 88[6;, . 
. 8. 1319. 3112, 244 2 5 6616, 10 


92.201 04.32 


116.9 
70.21 82.31 


93-55 


— — — 


* "ME 


— 


Copital Line a A 19. 23120. 44121, 4021. 99 22. 21123, 4( 


(Wing of the Ba EH 9. 11 1. 23/12. 66113. 57/14. 04/15. 1 
32. 14/31. 55/30. 2 


cairtin HG J36. 42034. 58033. 18 


or 90, or 80 perches (according to the diverſity of the thre 
Malt) by the help of the greater Semidiameter, he finds t 
Center; the other beginning at the Center, which being g 
ven or aſſumed, by the help of the leſſer Semidiameter he fn 
the inner Side, Ge. In the former Caſe, having drawn tb 
greater Semidiameters A Z, in them ſet off from A towards. 
Ge. the Capital Lines, which take from the preceeding I. 
bles, and fo you will have the inner Side « b: In the latte 
having deſcribed a Circle, with the diſtance of the leſſer Sem 
diameter a Z, in its Circumference, all round, ſet off the i 
ner Side « b, Ge. from the fame Tables, and in the produce 
Semidiameter ſet off the Capital Line a A, b B, Ge. and th 
you will have. the external Side AB. From A alſo, and fro 


B H being gtven, you may find in the internal Side, the Poin 
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the Lines of Defence (e. 2 . H E upon H B) till it interſect the 
cher Line of Defence A G, and by this means you will deter- 
nine both the Wings HE and G F, and alſo the Face A E 
nd BF, and conſequently the whole Baſtions may be deſeribd 
i to their exteriour Delineations (ſee Fig. XVIII.) which ſince 
n this Form they are not connected by a Courtin lying between 
hem, but are on every Side ſurrounded, like Iſlands, by the 
Vaters of the Ditch; the inner place to be' fortified, muſt of 
receſity be ſurrounded with another continued Wall or Bank, 
hich muſt conſiſt of leſſer Baſtions ( viz. ſuch as thoſe which 
re marked with the Letter O, and Ravelins P and P joyn'd by 
ermediate Courtins, which we ſhall ſpeak of more largely in 
IV. If any one has a mind to take the pains of computing 
he foreſaid Tables, he will have occaſion br no other Data's 
rides the outer Side AB, the Line of Defence A Ger BH 
yhich in every ſort of the Royal Fortifications do conſtantly 
ep the ſame Magnitude) and alſo the diminiſt'd Angle EAD, 
hich in Table I. is indeed taken arbitrarily, but fo, that the 
Ingle of the Baſtion e A E ſhould not be too acute, By theſe 
data s, I fay, the computation of all the reſt of the Lines may 
x perform'd, if not by Right angled, yet, at leaſt, by Oblique 
pled Triangles. For that 1 may hint, in general terms, at 
bs Computation, rather than to explain it in a particular Ex- 
ple: Firſt, From the Right angled Triangle ACD (in 
"Ry ſich the the Angles are known, and the Side A D, viz. half 
* te given extericur Side A B) may be had, both the Perpendi- 
ur D C, and alſo the Portion of the Line of Defence A C. 


ng T. 6 (by ſubtracting the Portion A C from the whole A G) and 


bC H equal to it, may be had in the obtuſe angled Triangle 
CG; whoſe three Angles, ſinco they are all known, the 
Ide ſubtending the obtuſe Angle HC G, 5. e. the Courtin may 


ne latte 
er Sem 


| __ nſequently be found. And, thirdly, becauſe in the oblique 
r q led Triangle EH G, the Angle at G is known (viz. being 
nw” roll to the alternate one E A D, as alio to C HG ) and the 
16, Nee Angle E H G (which is compounded of the right one 
eb ein C, and C H G, mention d juſt before,) and conſequently 


7 One < 


third H E G are likewiſe known, and alſo the Courtin HG, 


EE, — Er ro nat rene ae — 
- 
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| gled Triangle AGe, the right Line A G and the angle 2 


there will remain the Neck « H, which with the other G; 


oy ceeding IV. which Perpendicular D C being found thre 


found before: From theſe the Wing HE, and the Fortiog 
the Line of Defence G E, and conſequently the Face A Em 
eaſily be deduced. Again, fourthly, ſince in the oblique 1 


re known, this being half the angle of the Baſtion, and ui 
the angle at G ; from theſe Data's may be deduced the = 


two e Lines, viz, the Capital A 4, and the Line G. 
from which if you ſubtract the Courtin G H, already fours 


qual to it, and the intermediate Courtin, makes up the inte 
Side, or the interiour Polygon « b, Ge. 
V. But fince it is our Intent, chiefly, to reduce the Prot 
graphics of the different Forms of Fortification, to one genen 
Method, for the applying of it here alſo, we have nathin 
elſe to do, but to calculate the Perpendicular DC, aftert 
Method which we have taught above in Numb. 1. of the pr 


the Caſes of Polygens, juſt as they are expreſs d by us in th 
following Table, the Protography of the Scbeicerien Form m 
very eaſily be obtain d. A 
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__ _  MRSLE V- © 
(f the Perpendiculars for laying down the Protopraph 
þ Scheiterius his Form of Fortification after the 
found : 
Gi 


3 In Greater Royal Foꝛtiſication. 


 10ne 1 tn | — 
For the Fortification in| IV | V | VI] VII|V Li, 1X | 

genen 125 P. FP. F.. FP. F P. FP. F. 

othin Perpendicular D C { 11.5j14-3 16.211 7. 18 2119.2 . 

tert 1 „ 

hey II. In Piddle Royal Fozfification. 

0 2 EEE NES I 5 2 


Perpendicular DC 15.40 % 60 50 164 17-7 


III. In Lefſer Royal Fozfification, 


Perpendicular DC | 9.2|11.5 13.0 


— 


ta0[14-5/15-8 


N. B. The reſpectivs Cells in the 8th Table, ought to ſtand "ls 


under one anather. 


VI. By theſe Tables the Protography may very readily be 
dtain'd after the modern Way, thus; Firſt, Draw the exte- 
for Side A B F (Fig. XVIII.) in the Greater Royal 1co, in 
te Mean go, in the Leſſer 80 perches ; and from the middle 
t it let fall the Perpendicular D C, according to the number of 
ngles, Go. in the Figure or Fortification. Secondly, From 
land B draw croſs-wiſe thro' C the Lines of Defence A G 
nd BH, in the Greater Royal always 70, in the Middle fort 
5, in the Leſſer 60 and thro'G and H draw a Right Line 
Indetermin'd at both ends, whoſe Extremes a and b will be 
ined by the two greater Semidiameters A Z and B Z inter- 
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by the help of the computed length of the aforeſaid Semidia- ioo 


minating in the oppoſite Line of Defence; by which mean 


done on the Side AB, this Protagraphy will alſo be com- 
_ Pleated. 1 | 
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ſeQing each other in the Center ZL; which Interſection may 


be made either by help of half the Angle of the Polygon, Ml inc 
which may be known from ſome of the foregoing Tables, or 


meters, taken from the foremention'd Tables; and it will at Naser 
the ſame time determine the length of the Capital Line 4 A, or Nut e 
5 B. Thirdly, From H perpendicularly upon the Line of 
Defence H B, and from G, perpendicularly upon the other 
Line of Defence G A, ered the Lines H E-and G F, ter. r m; 


you will have both the Wings E H and F G comprehended 
between the two Lines of Defence, and alſo the two Faces df 
the Baſtions A E and B F, being terminated by the Wings in 
the aforeſaid Lines of Defence at E and F. Fourthly, If har- it ir 
ing found the Center Z, thro A and B you deſcribe a Circle, {Wourt 
and in its Periphery you ſet off the reſt of the exterior Sides, 
and repeat the ſame Operations in every one of them that were um 


* 


CHAP. XII i 


The other Forms of Fortification, and eſpecially the 
Rimplerian Form. 


I. TT Here are yet ſeveral other Forms of Fortifications, anc 
new ones are ſtill daily invented; two of which the! 
Mr. Martius, whom we have fo often quoted, ſpeaks of, i; 
one of Colone] Bragſdorf 4 Schire, the other, of Francis Grundl Mar; 
ab Aalen; that of Schire, Martius tells us conſiſts in this, That 
the exterior Side, as among moſt of the Moderns, is in things 
Greater Royal 100, in the Middle one 90, and in the Leſſeſ ich 


80 Perches. From the Extreams of this Side A and B (Fg of 

XIX.) (For we ſhall alſo accommodate hither the ſame Letreuſſe frſt 

that were made uſe of in the former Figures) for the RigiWpoſi: 
* N | | Hand 


hund and Left are placed in the Semidiameters the Capital 
Lines, Which in this Form are longer than ordinary (e g. ini 
the preſent Figure, whoſe external Side is ſuppoſed to contain 


dia- ioo; theſe Capitals are 38 perches; then having drawn the 
ill at Nianer Side « b by the help of the Line of Defence of 80 perches, 
A, or cut off the Necks « Hand G; and onH and G ere the 
ic of Wings HE and G F, even te the ſhorteſt Line of Defence, 


yhich ought either to be perpendicular to the Courtin HG; 
u making an Angle ſon. ething - obtuſe, after the Manner of 
;eicerus and moſt of the Moderns ; by which means the Faces 


ended E and B F will be found, and in the latter Caſe are fo much 
ces of be ſhorter. Behind theſe Wings, or alſo before them in tage 
19s in ngle EHG may be placed other Wings, as the Figare ſhews, 

f hav Wit in the latter Caſe they are half as low again; and that the 
irc, Lourtins ought to be cut thro by drawing the Razant Lines of 
Sides, fence, continued till they meet in C: Martius judgeth this 

- were am to be capable of a double Defence, of Cannon and Small 


ums, vi. the latter to be obtain d by the cutting away of the 
urtin, the former from the double Wings. 
ll. A Specimen of the Grundlerian Form, he gives us only 
y a bare Figure, which is here repreſented by Fig. XX. hays 
ig the fame Opinion of this alſo, as of the former, viz. that 
will admit of both ſorts of Defence at once, viz. of Cannot 
om the retratted Wings formed on the greater Line of De- 
ce, We might alſo mention in this place, and deduce from 


nl. | 
J the meſon Mallet, Tutor in the Matherpaticks to the King's Hou- 


(Surveyor General of the Ordnance in the Province of 4 
v, publiſh'd in French, and afterwards reprinted at Amſterdam 
the Year 1688, alſo in 1692. it was again reprinted in the 
ne place in the German Tongue, intituled in French | Travanx 
Mars, ou L'art de Guerre] whoſe chief Circumſtances were 


18, an 

whic| 
of, vi; 
Trundle 


Thad: Firſt, He not only rejects Errarduss Way of placing the 
s in the ings perpendicular to the Face, but alſo the Beigick Form 
Leſſeiitich makes chem perpendicular to the Geurtin, and Pagan's 
8 (Fg of ſetting them at Right Angles with the Line of Defence; 
Lettie brit, becauſe in that they hinder too much the Sight of the 


e Righ 


polite Faces; the ſecond, becauſe in it they are too ſhort, 
Hand „ | | | | 


& 2 and 


o FORTIFICATION. 339 


— — —  — 
— — — — — — — 


= 
— — — — woe — — 


—— — 


eral others, another Form of Fortification, which Alain 


bold at Paris, and afterwards Engineer to the King of Portugal, 
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much expoſed to the Sight of the Enemy. Therefore, ſecond 


tins ſhould render the Baſtions too ſmall, he thinks their Pro 


(which commonly he takes of 50, or at the moſt 55 Perches 


this place) we will compute the Perpendicular D C, and 


3 — 


and to finiſh the whole Protography very eaſily, leaſt by fo 


——— — 


theſe various Forms of Tortifications. And after the fan 


: ly invented by a certain nameleſs Perſon, a Frenchman ; a {hc 


contract into a leſſer compaſs here, viz. from the four celebr: 
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and ſtand too obliquely ; the third, becauſe in it they are ty 


ly, keeping a mean way between theſe, he makes the Wing 
in his Form, on that part where they reſpect the oppoſite Face 
to keep always an Angle of 98 Degrees with the Courtin 
ſuppoſing that thereby he ſhould avoid thoſe Defects that ar, 
in the aforemention'd Forms, and that by this means the Wing 
would become longer, and the Faces, on the contrary, ſhorter 
which at the ſame time wou d be enough in fight of the oppe 
ſite Face,and could very uſefully diſpoſe of one or two Canno 
behind the Shoulders. Thirdly, He makes the Courtins as long 
he can, but the Faces as ſhort as poſſible, becauſe theſe are mo 
of all expoſed to the Inſults of the Enemy, but the Couri 
ſafeſt from them. But leaſt the too great length of the (ou 


portion to be very exact, if you make them to the inner Sid 


as 3 to 5, and the Capital Lines as 1 to 3. Fourthly, H 
matters not whether the Angles of the Baſtions be Rightor Ob 
tuſe, but yet he ſets theſe extreme Limits to them, viz. th: 
they ouglit not to be leſs than 70, or greater than 140 D. 
Fees. 
; III. But in what Order, on theſe Suppoſitions, he mak 
the Calculations of the reſt of the Angles, we ſhall teach hert 
after in Se. II. and there (which indeed properly belongs t 


erna 


( 
For | 


this means we will ſnew you how to begin this Deſignatio 
according to the Cuſtom of the Moderns, by the external Sid 


ten repeating this Method we ſhould ſeem tedious, when att 
fame time we intend to haſten on to the farther compleat 


manner we will alſo explain, in this place, another Form, lat 

eſcription of which Form I lately found in the Lypfian Tran 
ctions, for the Year 1689. p. 291 (for I have not had leifu 
yet to look into the Authors own Book) which we ſhall 


ed Forms of his Country-men, Count Pagan, Mr. De - | 
e Vaub⸗ 
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to the upper Curve, but in a trait Line) is a Ditch eneompii reds 
ſing the upper Flank and the Line of Defence, whoſe bteaq i geti 
is 1 Perch and half, and its depth 1 Perch, for receiving ii t**" 
Bombs and Granadoes, &c. of the Enemy, and thereby pal it 
vent the Miſchiefs which they wou'd otherwiſe do in th bin 


in th 
bout 
Book 
pure: 
linea 
dun, 
mou 
rerbc 
VI. 
comp 
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breaking among the Defendants. | 
IV. He produceth, Eighthly, the upper Flank one Per, 
towards the center of the place; and, Ninthly, to both of the 
he giveth the height of 6 or 7 Foot, with one or two B. 
quets (rejecting the Vileian, which is but 4 Foot high) 
makes their upper Face, or Plane Sloping, that ſo the thickn 
ol the Breaſt- work. which he wou'd have to be 20 Foot, m 
not hinder the Direction of their Fire. Tenthly, He mak 
the Courtins half à Perch lower than the upper Flanks x 
Faces, for the making the more horizontal Fire from i 
Flanks of rhe Courtine towards the Faces; whence the heig 
of the Rampart in theſe is hut one Perch, and in the Baſtio 
but one Pereh and a half. Eleventhly, He makes the Balti 
hollow between the Flanks and Faces, but ſolid in the Thre 
of the Gorge for receiving Tenaille faſhion'd Retrenchmen 


But, Twelkthly, becauſe in Quadrangular and QuinquangulMſ: 
Fortifications, the narrowneſs of the Gorge can t contain thenſſſ off 
he doublesthe Baſtions towards the outſide; and, Thirteent|fiſ'om 
he conſequently makes the breadth of the Ditch towards ti From 
Angle of the Baſtion 8 Perches wide, and parallel to the grea bwin 
eſt Line of Defence; its depth alſo before the Courtins is, Mobi 
moſt, 2 Perches, but before the Faces ſomething more ; thſWlic 
lower Ditches (Covertes ) and outer Ditch (Avant Feſſex) unle ut up 
they can be fill d with Water, he rejects, &c. which we fert 
over and al ove add hereafter in the farther Elaboration of {ſt 
Form 3 where we ſhall alſo make Calculations for the relt - 


the Lines, and give the common Method of the Moderns 
beginning the protographical Delineation on the outſide, 3 
working inwards by help of the Perpendicular D C. | 
V. There are alſo ſeveral other different Forms of Fortih Which 
tion, of Erneſtus Fredericus 4 Borgſdorf, beſides that Improve al th 

ment which he hath made in the Belgick, Form, which en 
have explain d aboüt the latter end of Chep. VI. as bein ſery « 
ſomething like the Regherian Form, moſt of which we w_ n all 
VVV 4 1 reduc 


Ne © 
that e: 
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reduce to the common Method of the Moderns: But not for- 
geting what we have ſaid above, in Numb. III. we ſhall omit 
them, and refer the Reader to the Author's own Treatiſe, 
written in the German Tongue, and entituled, Die Unuber- 
uindliche Ueftung, where theſe Forms are diſtinctly expreſs'd 
in their Figures ; only we will here obſerve a few things a- 


e per bout the Rimplerian Form, which we ſhall take out of his own 
of the Book, written in the German Language, but without the Fi- 
wo hes, and entituled, Dec Weveltigten Ueſfung. The De- 
oh) : Jneation of it ſhall be given at the end of the following Se- 


dun, according as my Son, Profeſſor of Mathematicks, at 


hickn 
— has drawn it out; and which he judgeth conformable 


Ok, 11 


e mal ough to the Senſe of the Author, who deliver d it a little too 
nk; al erboſely. ; L | | 

rom VI. The Author of this Form who deſcribed this only in Words, 
e beg compared with the eminent ones of moſt other Writers, that 
Baſtid is much greater Perfection might be more conſpicuouſly ſeen, 
Bastia vas Georgius Rimpherue, Engineer to the Emperour in the Siege 
Thru ef Vienna, who very ſtudiouſly publiſh'd that Verbal Deſcripti- 


aul without any Figures, in the Year 1674, at Franck ford on 


chmen 
he River Meer, after that he had conſider d and revolved it 


uangu 

in then? often in his Mind for the ſpace of three whole Years. This 
reenthl orm differs, as its Author all along largely promiſeth it ſhould, 
ard ion all the other Forms hitherto deliver d, eſpecially in the fol- 


owing Particulars ; Firſt , becauſe it requires a ſquare Figure, 
vhich all other Forms abhor. Secondly, Becauſe it placeth the 
halions, not upon the Angles of the Polygons, as the reſt, 


e grea 


ns is, 


Ire , tl 

2) und bor upon the middle of the Sides. Thirdly, nor does he con- 

we het them with ſtreight Courtins, but broken off towards the 
of ü autſde, and running out into an Angle. Fourthly, This 

« reſt Connection is fo order d, that being with very little trouble 

\derns Naken away, not only every one of the Baſtions, but allo every 


me of the Courtins will ſtand ſeparate, after ſuch a manner, 


ide, 2 
hat each of theſe parts may be taken for an entire Fortification, 


rortihei vbich if it chance to be taken and poſſeſs d by the Enemy, yer 
mproveFÞl the remaining parts are ſtill ſafe ; nor can the whole Fortifr- 
hich ation fall into the Hands of the Enemy, till they have won e- 
as bein ery diſt inet part of it ſeparately, which happens quite contrary 


n all other Forms; for in them if one or two of the Ballions 


7e mig 
he ” 


redu 
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be taken, the reſt, together with the City and its Poſſeſſing 
mult inevitably be a Prey to the Enemy. Fifthly, But tha 
which is the chief thing of all is this, That this Form is no 
only fortified ſtrongly on thoſe Sides that looks towards thy 
Country, and face the Enemies Camp, but alſo ( an Inſtancy 
of which we can no where meet with) is ſtrengthened o 
thoſe Parts which look towards the inner Parts of the City 
With its "Trenches, Parapets, Sc. ſs that if the whole Arm 
of the Enemy be enter'd by one part of the Fortification int, 
the middle of the City, they will find more reſiſtance made 1 
gainſt them within than at firſt they found without; nor vi 
it be ſo difficult for the Beſieged to leave the City if they hays 
a mind to it, but both the Inhabitants and and their Effed 
may be ſafe within thoſe Works which hem in the Enemy and 
— AA 

VII. But now. that to this general Commendation we hart 
given of this kind of Fortification, we may add ſomething pe 
culiar and determinate, from whence we may gueſs at the Pro 
tography of this Form: Firſt, For this Quadrangular Fortif 
cation, which correſponds alſo to the Quadrangular one of 
Melderius, he makes every one of the exterior Sides 92 Perche 
long ; upon the middle of each of which Sides he placeth a Ba 
ſtion, whoſe Line of Defence is never above 50 Perches long 
the courtins being not only preciſely defended by the twc 
Flanks, which taken together are equal to 39 Perches, but 
alſo ſecondarily by the two Faces of the ſame number ot 
Perches; and again, the Faces of the Baſtions being defended 
by the two Courtins, which taken together are equal to 64 
Perches, &c. Secondly; For the Quadrangular Fortification an 
ſwering to the Octangular one of Freitagius, he ſuppoſeth eve 
ry one of the exteriour Sides to contain 204 Perches ; the Ba 
ſtions, as before, to be 4, the Courtins 8, and the Line ot 
Defence 63 Perches; the Face of the Courtin from the twe 
Flanks 2 2, and the two ſecondary ones 14; the Faces of the 
Baſtions from the two ſingle Courtins 105 Perches. 
VIII. From which, and ſeveral other things, which he hatin 
tediouſly deliver d in his Book, how to gueſs at the Protogra Mich 
phy of the Wimplerian form, we ſhall teach hereafter by Hum 
particular Draught, giving a full ſight of the whole Fortifca in r 
V 2 jj 8 
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that of making the Angle of the Baſtions never leſs than 
o Degrees, Sc.) Nor will it be, difficult to reduce the Pro» 


nſtanct be reſt, to that common Method which we have accommo- 

ied o ned hitherto to all others, viz. by the help of the Perpendi- 
Ci ar D C, whoſe Length may be found by Trigometrical 
Arm (Calculation, from the given half Side A D 46 Perches, and 

n indie diminiſh'd Angle C AD (which is known by ſubtracting 

ide z lf the Angle of the Baſtion from a Kight one). | 


IX. There remains yet one or two things to be conſider- 
h before we finiſh this Section, about this new Form of 
Fortiication > Which is ſo very different from all others; 
he firſt is that which our Author in pag. 159, ſo much 
rnders at, viz. that Engineers ſhould , even at this very 


or Wil 
7 have 
Effects 
ny and 


re hay ne, be fo venturous as to defend a Fortification by the help 
ng pe H 2 Garriſon, againſt vaſt Numbers of Troops and powerful 
e Pro mies, without taking care of covering and defending them, 
Fortif. It only againſt the direct Blows of the Cannon, by ſome 


one ol 
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of the 


bombs falling on them as thick as Hail from aloft; where- 
the Preſervation of a Fortihcation depends chiefly in pre- 
ming the Garriſon : And Experience daily ſhews us, that 
tentimes the moſt ſtrong Fortifications that might have 
ren defended for a much longer time, have been forced 
d yield to the Enemy; for this only Reaſon, Becauſe there 
us not ſufficient care taken of providing a neceflary Shel- 


ether, by the Firing of the Enemy, and the Aid which 


nercepted by the Watchfulneſs and Power of the Enemy, 
te remaining part of the Garriſon, at laſt, becomes unable 
 repulſe the great Number of the Beſiegers: But by what 
tans this Author hath endeavour'd to find out a Remedy a- 
rzinſt this Evil, we will ſhew in its placg. The other thing 
Fhich remains yet to be hinted at here, is this, That this 
Form of Fortification gives an Opportunity of building a Ci- 
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un (at the ſame time calling into our help the common Rules 


graphy of this Form alſo, altho it be very different from 


ick Breaſt-work, but alſo againſt the Curvilinear Force of 


tr and Defence for the Souldiers in Garriſon ; and fo the 
Defenders of the Town being kill d by whole Multitudes to- 


bould be ſent in the room of thoſe that are kill'd, being 


um. 
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in more neat Figure than any of the reſt ; for this is the 
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2465 Of FORTIFICATION. 
only Form in which the Streets can lie ſtreight, and be crop? 
at Right Angles by other tranſverſe ones; fo that it affor 

handſome Area's for the building of regular Houſes, wher 

as in almoſt all other Forms of Fortifications, the Principles 

Military Architecture are very contrary to thoſe of Civil 4 
chitecture, and cauſe a great Irregularity in the ordering 
— Streets, and in the Deſcriptions and Forms of the Dy 
lings. | | 8 
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: SECTION II. 


Containing the full Ichnography of all the 


7 


Forms of Fortification mention'd above 
in Sed. I. 


r 
Of the full Ichnography of e Belgick Form. 


II Icherto we have given the various Protographies only 
of Fortifications, which contain'd nothing elſe but the 
eternal Circuit of the Trench, or the firſt Lineamentg termi- 
ting the foot of the Trench on the outſide, and diſpoſed in- 
v ſuch Figures as ſeem'd to their ſeveral Inventers to be the 
volt nearly accomodated to the general Deſign of them all, 
i. That every Part of a Fortification ought to be fully in 
ght of another Part, either equal to it, or not much leſi than 
t; and to be alſo within Cannon and Muſquet Shot of it, that 
bit may be defended againſt the Aſſaults of the Enemy. 

II. And if there was but a ſimple Wall built, or a Bank of 
Earth caſt up in the form of theſe out Lines, it wou d be ſuffi- 
cient, if the Enemy (according to the ancient Method of 
tphting) had no other way to take a Fortification, but by 
limbing over the Walls, and entring the Town by Scaling- 
Ladders: But now ſince the Beſiegers endeavour to break 
down (Clauſtra) by playing their Cannon againſt them, and 
y that means to make their Way into the City, there muſt of 
teceſſity be caſt up a Rampart of Earth within the Walls, or 
$ Rampart without a Wall, to withſtand that Violence; _— 
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348 Of FORTIFICATION. 
- muſt not only be thick enough to retund the Force of thoſe ink, 
nal Balls on that fide which covers the Bodies of the Defendan! 

but that there may be a ſufficient Space left behind them, fe 

the conveniency of moving other ne :eflary Troops from ons 
place to another. | BE 
III. Hence came the way of making the Height and Bread: 
of the Rampart in the following proportion, viz. That A; 
(Fi. XXI.) the Breadth at the bottom, or foot, ſhould at lea 
45 or 50 Foot; and LC the Breadth at top about 30, de 
creaſing by little and little, both by the inner Talu, or Slope 

AL, and the outer one BC; for the brittleneſs and flight Coh 

ſion of the Particles of Earth won't ſuffer the Banks to be rau 

rpendicular, and the Preſſure of it, as it ſubſides, requi 
their Walls to lean againſt them obliquely to keep the Ear 
from falling. The Meaſure of this Acclivity within is AK 
which is commonly equal to the height of the Bank or Ran 
part, 12 Foot at leaſt ; but the exterior Acclivity I B, if the 

Earth be pretty firm, need not be above half ſo long; if it be 

ſurrounded with a Wall it may ſtill be made a great deal le 
The Rampart being thus caſt up, and the Wall ramm'd, upo 

the exterior ſide of it is raiſed a Breaſt-work or Parapet ol 

Earth, which from the top of the Rampart likewiſe riſeth ſteep 

v. g. onthe outer ſide, at the diſtance N C 2 foot, but withi 

It is but 1 foot, viz. at the diſtance OM, its height toward 
the inner ſide is E M 6 Foot (which is ſufficient to cover: 

Man of a common Stature) the outer fide DN is 4 Foot; the 

fore part of it is farniſh'd with a Foot Bank H G F O, by 

which the Muſqueteers aſcend the Breaſt- work to look about 

them or fire at the Enemy; behind which, on the Rampart 

is left a Walk or Terra-plane about 20 Foot, or 2 Perches: wide 
IV. But becauſe of the height of the Rampart, and bread: 

of the Breaſt-work, the Line of Fire E D (altho' it is made a 

ſteep as the place will permit) is ſo uncapable of being direftec 

againſt the Enemy, the nearer they are approached to the Ram 
part, that at laſt they may ſtand ſecure under their Fire 5 there 
fore it was thought proper by moſt, that having left a new anc 

low Walk or Terra-plane at the foot of the Rampart, about 20 

Foot broad, there ſhould be another low Rampart h g e d 

(Fig. XXII.) placed before the Courtins (which together wit 
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« Terra-plane is called the Falſe Bray) of the ſame Meaſure, in 
yery reſpect, with the Breaſt- work of the 9 or chief 
impart, Which is manifeſted plainly enough by the correſpon- 
ance of the Letters, which in the former are Capitals, in the 
utter Small ones | | | 

V. Behind this lower, or (if this be wanting, as it often is) 
the foot of the primary Rampart is left a Ledge or Foreland 
for the keeping of the Rampart more firm, and for a Re- 
eptacle to lodge the Earth in that is ſhaken down by the 
blows of the Cannen; it is commonly made 6 Foot broad; af- 
ter which follows the Ditch, which affords Matter for railing 
the Rampart, and is alſo it ſelf no ſmall Annoyance to the 


nd it will be ſo much the greater, the broader and deeper the 


the depth is minded moſt, but in wet ones the breadth ; but 
reſpect is always had to the quantity of Earth that is dug from 
thence for the raiſing of the Rampart : Whence it follows, that 
n the latter, viz. that in the caſe of a wet Ditch, the breadth 
muſt be about 100 foot, more or leſs; the depth about 12: 
n the former the breadth may be 50 or 60, and conſequently 
the depth 24 or 20 foot; the declivity alfo, both the internal one 
ik, the Scarpe,. and the external one / m the Counterſcarp, if it 


of the Meaſure m 2 or i o equal to the depth ok or 11; in the 
latter Caſe, where it is always lined with a Wall, there is no 
dope left at all. 7 i ne 
VI. But that they might drive away the Enemy at a greater 
ſtance from the Fortifications, they thought it proper to ſur- 
und the Ditch with another Breaſt-work h gf, admitting a- 
tother Wall or Terra-plane between the Ditch and it, (which 
therefore is call'd the Covert-way ; and from the adjacent ex- 
rior Slope of the Ditch m, tis now frequently call'd the 
Camterſearp) and this hath always been found to be of good 
ue; which Breaſt- work towards the inſide hath the ſame Mea- 


res and Dimenſions with thoſe which we have deſcribed above, 


i HGF EDCandhgfe de (only ſometimes tis furniſh'd 


with a double Foot Bank, and is made fomething higher that 


may cover the Horſe) but the outward Slope of this Breaſt- 
2 7 work 


Enemy when they are approached cloſe to the Fortification ; 


Dich is; which breadth and depth varies thus: In dry Ditches 


e not ſurrounded with a Wall, in the former Caſe will admit 
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Number of the Baſtions (as may be ſeen in the following Or 


to be defended alike; and the overplus Earth that is taken ou 
of the Ditch of a multangular Fortification, with which the 


rather to be beſtow d on the Covert Breaſt- Work. 
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work of the Covert-way (ſo that it may be ſcow d all along h 
the upper Breaſt-work E D, calld the Glacs, or Eſplangy 
reacheth out towards the Field about 7 foot, more or leſs. 
VII. Whereas in the Belgick Form theſe Meaſures of d 
Breadths, Heights, or Depths, are alter d, more for Curioſy 
than for the Uſe it is of, according to the leſſer or great 


thographical Table) by moſt of the Moderns, as Pagan, 7; 
ben and others, it is not appoved of, who fay, There is f 
reaſon why a Fortification, having but few Baſtions, ſhould} 
made weaker than one that hath many, for all Baſtions ougk 


ſuppoſe it is moſt proper to increaſe the inner Rampart, oug 
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Oꝛthographical Table 5 for the fuller {hng< 
graphy of the Belgick Fortifications, : 


Er the Fortification in IV | VI VI vn | VIII IX 


— 


AB 554 (o 

1 AK | i2 4 . 
— — 
IB 16174 

7 LK 12 4 
LC 36 139 
LH 121 122 4 
GF |3| 3 
GH t 2 13 
EM I 6 6 
DN 4|4 
B bþ 112 15 

1 6 

i m 72 84 

— - — — —_— coy co —— 

10 10 10 10 | 12] 12 12 


©. mh 112 15 16 | I7] 21 | 21 


h 2 \69 '69 es 70 74 | 80 1 
VIII. This 
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neral Meaſures which we have already ſhewn above) after t 


towards the inner ſide draw the compounded Line AEYGÞ 


terior ſide. Secondly, By the fame way the Ambit of thel 
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VIII. This Belgick Ichnography may be finiſh'd (either 
the Varieties of Meaſures in the preſent Table, or by the ve 


following manner: The Protography or Out- lines of the Fe 
tification being drawn, according to the Rules given in N 
4. Chap. II. Sec. I. Firſt, From the foregoing Orthograph 


cal Table in Numb. 7. look for the breadth of the Rampe, B 
AB, anſwering to the Figure of the Fortification or Nunb Ind then 
of the Baſtionsz and having taken the diſtance from the funhrimary 1 
Geometrical Scale with which the Protography was deſign und alſo 


ich O! 


parallel to the exterior ſide AEHGEB, Sc. (ſee Fig. XXII e fame 
which may be done by deſcribing two Archs, or raiſing tylfWortificat 


Perpendiculars towards the inſide, upon every Line of the e ¶ Iro perp 
wobt by 


wer Walk or Terra- plane, whoſe breadth is B hb, may be d KX. Sir 


ſign d on the outſide, and of the lower Rampart hb c, and gf 
of the Berm c 5 ; but on the inſide the Meaſure of the Dec d. I.) 
ty of the exterior primary Rampart IB, the Breadth of tiling tl 
HBreaſt- work H C, the Meaſure of the inner Peclivity or Act to the 
vity AK, Ge. are to be expreſs'd by ſo many Lines parallic full Ic] 
to the Ambit of the Protography, in Fig. XXIII. by prich kat has 
Lines, which ought to be compared with thoſe in Fig. XXWſlible : \ 
Thirdly, Having alſo, according to the ſame Table, tab lethods 


the breadth of the Ditch im, draw Lines further round aboi ure not 


but parallel only to the Faces of the Baſtions, and meeting Wor the F 
bout the middle of the Courtins ; and after the fame mann ed by t 
afterwards, the the breadths of the Covert- way mh, and of i or ma 
- outermoſt Breaſt-work þ may be carried round. Fourth be te 
Some who pretend to expreſs all the Lineaments of the IchnF about h 
graphy more nicely, beſides both the Slopes upon the Baſe WW conſtan! 
the inner Rampart, expreſs alſo the Acclivities of the Brea right be; 
works and Banquets, or Foot Banks; and to diſtinguiſh theffnemy. 
from the reſt, they mark them with prick'd Lines: But ner; th 
whole Buſineſs may be taught far more eaſily by being ſhewn|ner hei, 
little, than by a long preamble of Words. ne Foot 
IX. To the Ichnography thus finiſh'd, is added alreadth © 


this more accurate Delineation from the ſame Table, aud half, 


from the fame Scale ( unleſs the Draught being tak ef has tl 
| S 


y ſmall,. make it too difficult, ſo that the ſmall parts can't be 
Alinctly expreſs'd) we have given the Orthographical View 
{ the Fortification, as is repreſented in Fig. XXII. and as far 
i belongs to the Parts of the primary Rampart in Fig. XXI. from 
large Scale, both for the ſake of Theory and Practice, viz. 
Upon the Right Line AZ, having determin'd the fame breadths 
IB, B b, h e, &c. that were expreſs d in the Ichnography ; 
ind then having alſo here ſet down the heights, both of the 
rimary Rampart K L and I C, and of the Breaſt works DN, 
ind alſo of the Banquet: G H and g h, and the depth of the 
ich O K or n! (all which are delined in their Numbers in 
te fame Orthographical Table) the whole Figure of the 
Fortiication will conſequently be repreſented as if it were cut 
ro' perpendicularly. But this may alſo far more exactly be 
ugbt by having a Maſter to ſhew you. 

X. Since the Reyherian Form of Fortification, and that of 
vg dorf (which we have hinted in the laſt Number of Chap. VI. 
8. I.) differs but very little from the Belgick Form, except in 
lacing the Flanks perpendicular to the Line of Defence, and 
xt to the Courtin, and alſo in making them ſomething longer; 
e full Ichnography of theſe Forms may eaſily be ſupply d from 
hat has been already faid, even without an Orthographical 
able : Which Table alſo will not be neceſſary in bol eaſy 

ethods which were given in Chap. I. Sect. I. becauſe they re- 
ure not ſuch an exactneſs in taking the Heights and Breadths. 
For the Foot of the Rampart, or its lower Breadth may be mea- 
red by the length of the Flank ; its height up to the Breaſt- 
york may be taken 12 Foot, more or leſs ; and equal to this 
ay be taken the Meaſure of the inner Slope; the outer one 
about half this length. The inner height of the Breaſt- work 
conſtantly the ſame, which is at the moſt about 6 Foot, this 
eight being ſufficient to cover the Men from the Fire of the 
Enemy. The outer height is about two Foot lower than the 
ner; the thickneſs of this Breaſt-work is at leaſt double the 
mer height: The uſual height of the Banquet is never above 
ne Foot and an half; its breadth is double its height. The 
readth of the Terra-plane of the lower Ramparr, is a Perch 
nd half, or at fartheſt two Perches : The lower Ramparg it 
ll has the ſame Meaſure with the Breaſt- work of the upper, 

1 Aa | > 
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354 Of FORTIFIC ATION. 
The Berm is at moſt equal in breadth to the inner height o 

the Breaſt-work : The Ditch it ſelf in the whole is 100 Fo, 
more or leſs, its Slope on both ſides is 10 Foot, its Depth the 
ſame. The Covert-way is equal to the breadth of the lower 
Rampart : The Breaſt-work covering it, together with i 
Banquet, has the fame Dimenſions, only it is continued by; 
Sloping Plane further into the Field, according as the overy|y 
Earth digg'd out of the Ditch will afford. 5 | 


FER ———_ —_— — 


C 
Containing the full Ichnography and Orthograph 


of Count Pagan's Form of Fortification, eſpecial 
of its Flanks. 1 


J. Ount Pagan, in his Form of Fortification, hath this pe 

culiar to ir ſelf, that he not only draws in that part o 
the Flank, contiguous to the Courtin, a little behind the re 
maining part (which before his time was ſometimes uſed, b 
he conſtantly uſeth it, except only in a Pentagon of the leſſe 
Form) but alſo triples this retracted Flank ;alfo thro' the who! 
length of the Gorge he formeth three Breaſt-works, riſing gr: 
dually above one another, ſo that the uppermoſt agrees exact! 
in height with the Breaſt-work of the primary Rampart, bein 
alſo ſix Toes, or ſix Fathoms high ( 6 Foot each, viz. thre 
above the Plain of the Ground, and three below this, reachin 
to the bottom of the Ditch). The middle one, which is |: 
wer by two (6 Foot Fathoms, or) Toyſes, is ſeparated fro 
that by an intermediate Area of 4., or in the greater Form of 
Fathoms broad, as alſo from the loweſt, which ſtands two F 
thoms under this. And whereas he aſſigns to every one 
theſe Breaſt-works the thickneſs of 3 Fathoms, or 18 Foot, 
the length of the loweſt he always makes 12 Fathoms ; oft 
middle one 143 of the uppermoſt in the leſſer Form 143 ; 


the greater 15. 
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l. Which being premiſed, it will not be difficult to lay 
down more fully the Orthography and Ichnography of Count 
Pzan's Form; And, firſt, the Ichtiography may be perform d 
alter the following manner; Having finiſh'd the Protography 
according to the Method preſerib'd in Chap. VII. Sect. I from 
the Flank E H (Fig. XXIV. Numb. 1.) cut off the Part H I 
f 12 fix Foot Fathoms, or 6 ten Foot Perches; and having 
ft the Portion EI, draw H 1 inwards along H I the Space of 
two Perches in the middle Form, or 22 in the greater. Then 
allo having drawn through I a Line parallel to the Line F H, 
produced upon both of them, ſet off alternately the Space 1, 2 
half a Perch for the Breaſt- work, and 2, 3 of two Perches for 
he Area: Again, 3, 4 for the Breaſt- work, and 4, 5 for the 
rea, Gc. and the length of the Lines 2, 2 and 3, 3, ſeven 
Perches, and that of the Line 55, ſeven Perches and half. 
Having in like manner alſo finiſh'd the Breaſt- works of the 
Baſtion, viz. the exterior I E A, and the inner 5, 5, 6, and 
hat of the Courtin H G one Perch and half, together with 
teir correſponding Area's within, or the Walks or Terra - planes 
the Ramparts, ,whoſe Breadth is two Perches, the Ditch ly- 
ig between the two Baſtions will neceſſarily be known; and 
wing after the ſame manner fniſh'd all the reſt of theBaſtions; 
ke whole Ichnography Will be ended according to your defire; 
Ill. To obtain the Orthography of the Flanks (which the 
uthor has indeed expreſs d in this Figure, but not deſcribed in 
Words) proceed thus: Upon the Right Line 41 (Fig. XXIV. 
umb. 2.) ſet off alternately the Spaces z b, 2; bc; 13 ; alſo 
4 2, de 12, Ge. Then on the Points e, e and g erect the 
erpendiculars c / of one, e l, 2, g of 3 Perches; and hav- 
g drawn in every place the Spaces of two Perches, parallel 
d the Ground-line a#, incline the Slopes b n, Am, &c in- 
ds about 3 Foot; (which Slopes Pagan would have cober d 
ith a Brick Wall) alſo make the inmoſt Slope i k about 6 
wt; Thus having alſo made the upper Faces of the Breaſt- 
ork a little declining ( their inner Height ( being half 4 
«ch or 6 Foot, and the exterior but 4; of 5 ) | the full Ichtio- 
phy of. the Flanks will be obtain d. "FiO 4 

IV. If you would alſo ovet and above add the Wan 
\the Faces, as we have done in the Belgick Ferm, Fig: XXII. 

3 ASH = (which 
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(which Pagan bath not given us) Upon the undetermine 
Line A Z, firſt place the foot of the Rampart A B of the in 
ner Baſtion 3+ Perches (which Breadth, in this Form, i; 0 
ſerved in all the Ramparts of every Polygon, viz aſſigning ty 
Perches for the Breadth of their Terra-planes, and 12 for i. 
| Breaſt. works raiſed upon them) then inſtead of the ly; 
Terra-plane B % (in Fg. XXII.) make the breadth of the Dir 
B 4, laying between the two Baſtions, viz. the exterior andin 
terior, about 4, Perches wide in Fortifications, having but {« 
Baſtions, or 5 perches at moſt in thoſe that have a great 
number of Baſtions (viz. as great a breadth as was aſſign 
the Ichnography, given about the End of Se#. II.) alſo ma 
the foot of the Rampart 4 b in the exterior Baſtion (Eg. XX 
equal to the interior one AB: Then make the breadth bn. 
the greater Ditch (ſee Fig. XXV.) 8 perches .; alſo the bread 
m b, which Pagan calls the Counterſearp, or Covert- way, ino 
ſort 74, in another 12 perches and 2; make the breadth 
the exterior Rampart ab after the uſual way, viz. 3 perch 
and 2. Alſo let the breadth of the new Ditch b m be 6 perche 
and laſtly, make the Covert- way m h, with its ſloping Bre: 
work (call'd the Eſplanade) h 3, about 6 perches broad. 
all which breadths, after you have decently aſſign'd their c 
reſponding heights, viz. to the Rampart of both Baſtions 
perch and 2, and as many at leaſt to to the depth of the pt 
mary Ditch b m; but to the narrow one B that lies between: 
two Baſtions, as alſo to the reſt of the exterior Trenches, 
ſigning but one perch, neither ought there to be aſſign'd 
greater height to the Rampart of the Covert-ways in lar 
Fortificatione. Laſtly, Let the height of the Breaſt-works 
the inner {ide be every where 6 foot, on the outſide 5, 2 
expreſs the Slopes of the Walls ſurrounding them by the breac 
of a few feet, juſt as was done in the Orthography of 
Belgick form. The full Orthography of the Faces will ea 
be perform'd, which we have omitted to do, leaſt the num 
of the Cuts ſhould riſe too faſt ; and eſpecially becauſe the 25 
Hgure, which muſt be adjoyned to the following Paragraf 
and which repreſents the full Ichnography of Pagen's For 
doth alſo ſerve to jlluſtrate what we have been juſt now pc 
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orge is taken 15, both the Faces 25 perches; for the Leſſer 
geluded one, the length of the Gorge is made but half ſo long, 
nd the other Parts of the Operation are perform d by drawing 
urallel Lines, according the Meaſures of the Ramparts, Trenches 
1d Breaſt-works, which we have ſhewn above: In the other 
uger Form of the Greater Covert-way, the falſe Half-moon 
el doth neceſſarily reſult, by drawing croſs-wile the Right 


Vork doth require; beginning at the Points e and 4, if on 
fore part you place three Breaſt-works 1 perch and 4 wide, 


ations gf b and hea ; and if you biſſect theſe Flanks, they 
il give the length of the retracted ones, if you do but light- 
conſider what has been faid in Numb. 2. about the retracted 


rches, Go. . | 


— — — 


CHAP 1 
1/1ining the full Ichnography of the Ruſian Form; 


Flanks. 


) Ufiur, who imitated Pagar's Form of Fortifcation, that he 


only alter'd ſome tew things belonging to it; and added to 


ns Form in the following Particulars ; Firſt, To the three 


v. Nevertheleſs theſe few things are to be added, for the 
re perfectly obtaining Count Pagen's Form. Firſt, For the 
al. moon which is placed upon the angle of the Ditch, the 


nes ae, hk, according as the breadth aſſign'd to the whole 


ith their interjacent Area's 2 perches broad, and erect the Per- 
ndiculars h e and g, they will form the Flanks of the falſe 


inks of the primary Baſtions. For the outmoſt Half. moon 


together with its Orthography » eſpecially. of the = 


might gain the Praiſe of inventing a new Form, or at 
alt of correcting Pagan's, keeping the chięf Properties of it, 


lme new Inventions of his own; ſo that it difters from Pa- 


aks of the primary . which riſe gradually one _ | 
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another, he hath added a fourth of the lower Rampart (which 
in Pagan's Form is wanting). Secondly, He don't draw in thy 
part of the firſt Flank of the primary Rampart, that is contigy. 
ous to the Courtin. Thirdly, He does not make the Breaſ . 
work of the uppermoſt Flank continuous with the Breaſt-work 
of the Courtin but higher; and alſo makes it reach out in lengi 
on the Terra- plane of the Rampart ſo, that there is only || 
in the Neck of the Baſtion an open Space neceſſary for aſcend 
ing the Rampart. Fourthly, He don't make the Face of th 
Baſtion double, making a Ditch between · it, but ſingle an 
outward, making the Space that is left between the Rampit 
and Terra-plane of bath the Faces hollow , for a back En 
trance into the lower Flanks ( which Pagan orders to be th 
fore Entrance) a Space being left, for the more eaſily diggin 
the Countermines ; for which very reaſon, Fifthly, he thin 
it moſt proper to make the Rampart of the Face not ſo thi 
as that of the Courtin, 1 


II. Which being premiſed, and what we have already fai 
being well underſtood, will give (in Fig. XXVI. Numb. 1.) d 
full Ichnography of the Ren Form very compendioul) 
thus; Having hniſh'd the Protography, according to the Di. 
rections given in Chap. VII. Numb. the Laſt of Sec. I. divid 
the Flank E N into two equal parts in I, and F G in K; a 
having left the Portion E I (F K) which is the uſual Meafu 
for the Shoulder of the Baſtian, the remaining part I N (KC 
being not at all retracted, forms the lower Flank, which is 1 
foot broad, as are all the reſt : Afterwards alſo, having drav 
from A through G, and from 3 of the Face below A throug 
K Right Lines not parallel to one another, in both of the 
alternately, ſer off the Spaces 18 foot, for the Breaſt-works( 
the Flanks increaſing ſenſilby in their length, and 28 or 3ot 
their Area's (for theſe we would have by degrees to gro 
larger) having in like manner deſign'd the Breaſt-works a 
Area's, or Terra lanes of the Shoulder, Face and Court 
the Parapet or Breaſt-work of the uppermoſt Flank is con 
nued almoſt thro the whole breadth of the Terra · plane 
the whole Conrtin, ar we have already ſald in Numb, 1. Alf 
che breadth of the Breaſt - work of the loweſt Flank, which 
|  Gyer and above to be added to'the farmer, and which ah 
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ower, and lies benEith the Horizon (as we ſhall ſhow by and 
by) is deſign'd by a parallel Duct, its Terra-plane belonging 
to it being of the ſame Dimenſions with thoſe of the former 
Flanks ; this Breaſt-work is alſo continued before the Courtin, 
where the Terra plane becomes narrower, being not above 1 8 
foot wide ; and by this means it forms the lower Rampart (or 
Falſe Bray) ſo that if you diligently attend to the remaining 
Parts of the Operation, which we have given in Numb. 1. you 
will have the full Ichnography of this Form. 

III. For obtaining the Orthograpby of the Flanks, proceed 
thus ; Upon the Ground, or Horizontal Right Line A L (Num. 
2.) hirſt place the Berm A b of 5 or 6 Foot, then alſo ſet oft 
in it alternately the Breaſt-work 6 c 18 foot, the Terra-plane 
cd 36 foot, de again 18 foot, ef 36, Ge. Allo from c e- 
ret the Perpendicular c k 4. foot, and let fall c # alſo 4 foot 
below the Horizontal Line: Likewiſe from e and g raiſe the 
perpendiculars e ; 8 or 9 Foot, gs 16 or 17, Li 26 or 27 
foot; and having drawn every where the Spaces z /, parallel 
to the fundamental Line A L, which is at the molt about 30 
foot, incline the Slope þ m about 2 foot towards the inſide, and 
the remaining ones /m or 6: Alſo incline the laſt /  ſome- 
thing more, and make the upper Faces of the Breaſt. works a 
ule declining (viz. becauſe their inner height i & is 8 foot, and 
their exterior but 6 or 7) and thus you will have thezfull Or- 
thography of the Flanks. Ee = 1 8 

IV. Reſius gives us not only the Orthographical Section of 
the Flanks, but of the Faces and Ceurtins alſo, which he hath 
deſcribed not ſo much in Words, as by a Draught; and both 
theſe Orthographies he makes of two ſorts, according as the 
Ditch is to be either wet or dry. We {hall only ſet down here, 
for Example fake, the firſt, viz. that of the Faces, and this 
we will explain in Words, to prevent the increaſe of the Cuts; 
and in this verbal Explanation the ſame Letters are uſed tnat 
were made uſe of in the Crthography of the Relgick and Paga- 
nie Form, fo that it may without difficulty be underſtood from 
their Figures. On the undetermined Line A Z, firſt, ſer off 
the foot of the primary Rampart A B 68 or 70 perches, and 
lake the Meaſure of the exterior Slope B I about 9; of the 

: AS 4 interior 


3660 Of FORTIFICATION. 
interior one A K 18 foot; alſo make the height of the Ram: 
part I Cand K L of the fame number of feet. Secondly, 
From the upper breadth of the Rampart cut off 2 1 foot fo 
the foot of the Breaſt-work, together with its Banquet, and 
perform the reſt of the Operation according to the Directions 
given in the Belgick Form in Chap, I. "Thirdly, Leaving the 
Berm B i 5 or 6 foot, let the breadth of the Ditch im be 10 
perches, or 100 foot; alſo let its two Slopes and its Depth be 
10 foot after the uſual way. Fourthly, ' Alſo cutting off the 
Line m à for the Greater Covert-way, which he calls the Coun. 
terſcarp; which, becauſe it is the largeſt, and lieth moſt ex- 
poſed to the Approaches of the Enemy, in caſe of a dry Ditch, 
he fortifies it with 10, 20, 30, 40, 50, 60 Breaſt- works of 
the Leſſer Covert - way: For the Countergard 4 h of the exte. 
rior Rampart, take about 42 foot, for its internal Slope 5, for 
its external 22, for the Baſe of the Breaſt- work, with its Ban. 
quet, 20 foot; and by the help of theſe Meaſures the Ortho. 
graphy may be finiſh'd, as in the primary Rampart. Fifthly, 
This ſecondary Rampart is ſeparated by a Ditch 50 foot broad 
and 6 deep; and, ſixthly, this Ditch is environ'd with a Co- 
vert-way, lying 2 or 3 foot below the Horizon, and if you | 
pleaſe it may be double about the end of the Slope. | RY 
V. By theſe Directions it will be eaſy to perform the Ich- 
nography of theſe two large Covert: ways, which Ruſivs, as has 
been already ſaid, calleth the Countergardi, and the remaining 
part of the Ruſian Form, by this meant alſo, might be added, 
to avoid Prolixity and the Multiplicity of Cuts; nat doubting 
but that thoſe who underſtand what hath been already deliver d, 
have alſo had the Curioſity to peruſe the Author's own Book, 
and his Cuts more eſpecially, fince theſe Countergards of his are 
the ſame with Pagan Counterſcarps, differing from them only 
in Name, or at moſt in ſome accidental Circumſtances. 
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Explaining the exact Ichnography of Vauban's 
RE 7. | | 


J E have already ſhewn above in Chap. IX. Sed. I. 
thoſe Parts which Vauban hath taken from Pagas's 
ind other Forms of Fortification: Now we intend you the 
full Ichnography of Vauban's elaborate Form, with the Additi- 
on of his own particular Inventions, taken from Mr. Chevalier 
ty Chambray, in his Treatiſe publiſh'd > at Amſterdam, in the 
ear 1688 ; and alſo from Mr. Labedefay, in a Book of his, 
ntitled, Maniere de Byen Fortifier de M. de Vauban; the latter of 
rhich we ſhall chiefly follow, being approved by Vauban him- 
II. In this Form obſerve the following Rules; Firſt, Having 
niſhed the Protograph according to the Direction in Ch. IX. 
pon one third part EI of the Flank E H (Eg. XXVII.) de- 
ribe the Arch of a Circle, placing the Center backwards, ſo 
hat the Convexity of the aforeſaidArch doth not reach beyond 
te Line of Defence E G, but juſt touch it. Secondly, Produce 
H and BI two Perches and a half to 5 and ; upon bs 
unſtruct a equilateral Triangle, and through the top of it 
ſcribe the Arch h i, which deſigns the hollow of the retract- 
| Flank, the thickneſs of whoſe Rampart, as alſo of the 
maining parts of the Fortification is 53, and the Breaſt= 
ork one Perch and a half. Third'y, Inſtead of a ſecondary 
Flank between the two Baſtions, is placed a Rampart below, 
ſich Vauban calleth the Tenaille, deſcribed by drawing either the 
nes EC and FC, or by the halves of the Baſtion, whoſe - 
pital Line Fg is ſeparated from the Shoulder of the Baſtion 
an intermediate Ditch, in breadth one Perch and an half; 
A e Face alſo F K is half the diſtance FC, and the Flank &. is 
| [Fpendicular to the Line of Defence A G; alſo the * 
5 e RE 0 
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of the Rampart of the Flanks and Faces (including the Par  forti 
pet and its Slopes) is 3 Perches and half, that of the Courtinis Traver/ 


but 2+ ; which Courtin is ſeparated likewiſe from the prin. Wl the 6g 
ry, by a narrow Ditch lying between. EE | bout 4 
III. Having deſigned the Ditch not quite parallel to de Cover 
Face, but being about the Angle of the Baſtion near 8, ty. to be f 
wards the Shoulder 10 perches,and 18 or 20 foot deep upon the Angle: 
Angleofthis, before the middle of the Courtin,qly, conſtruct thei al inc 
Half. moon, witk the diſtance h F from h, cutting the PerpaMf .:9 1 
dicular C D produced to L, and from L towards E F, drawing the Bre 
the Faces L M, L N, which are ſometimes furniſhed will vide ; 
their Flanks ſtanding perpendicular with the Berm, and ſtrength they ar 
ned with a Ditch 6 Perches wide, which eſpecially, when dy part. 
ought to be as deep as the rence! Dae; VII. 
IV. For the covering of the Half- moon, Vauban joyns 5 pi (1 and 
of Frontal Works, ſome great and ſome ſmall, which (perhayMto form 
becauſe they are placed like SpeCtacles upon the middle of ) croſs 
Half-moon, as upon a Noſe) he calls Lunetces, i. e. Spectacle Rampar 
The Neck OR of the Great ones (V V) next to the grei ¶ dated to 
Ditch is about 6 perches; M L which is the Face P Q profWMines at 
duced is 12 or 15 ; the breadth of the Ditch is equal to tu about 6 


of the Half-moon : The Necks o p, or of the little ones (X X kries) at 
which are expreſs'd only by prick d Lines, are 7 perches an ing to b. 
23 the Faces pg, qr are about 10 perches ; the breadth VIII. 
the Ditch about 2 perches ; the depth equal to that of i gives us, 
Half-moon. | pears not 
of the ch 


V. And alſo as the Half moon is cover'd on both ſides wi 

Courtin, 

Heights, 
Way. But 
the Orthe 
therefore 
Numbers 
XXII. bel 


the foot o 


theſe is built a Ravelin (Y) ſurrounded with a Ditch, equal! 
that of the leſſer Lunett: And, laſtly, all theſe are encompaſſ 
about with a Covert- way (Z.) 2 perches and + wide, furnill 
ed after the uſual way with a Breaſt-work, which runs o 
in a Slope 8 or 10 perches into the Field; but this is ali d 
fended on every ſide with an out Ditch (Avane Foſſe ) 5 ot 
perches wide, as alſo with other ſmall Out-works which * 
not uſed in the common Forms of Fortification. the inner e 
VI. Alſo at the Corners of the Covert-way looking towaik L the ! 
the inſide, are erected Places of Arms, whoſe Necks are 5, plane of t 
their Faces about 6 perches long; the Entrance alſo into tz, PN. 
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WM ;; fortified on both ſides with tranſverſe Breaſt-works (called the 
WE 7:aver/es) covering the whole breadth of the Covert- way; on 
the ſides of them is made a narrow Paſſage for the Souldiers a» 
bout 4 foot and half wide, leading to the Breaſt-work of the 
i Covert-way : The like Area's for places of Arms, uſed alfo 
to be formed, as it were by accident,” about the Curvilineat 
Angles of the Ditch in the common Belgick Form, which are 
alſo incloſed with ſuch tranſverſe Breaſt-works about 2 perches, 
and 1 foot and 3 broad, there being left between theſe and 
the Breaſt-work of the Covert-way a Paſſage about 3 or 4 foot 
wide; and for this reaſon , after the Space of 4 foot and 2, 
they are incloſed on the oppoſite ſide with ſome ſlight Ram» 
art. al 85 
VII. Vauban alſo uſeth to place ſuch tranſverſe Breaſt-works 
(u and v) between the Trenches of the Out- works, and alſo 
to form about the middle of the Courtin, a Covert-way (o and 
) croſs the Great Ditch, fortified with its Breaſt-work and 
Ramparts for a ſafe Paſſage to the Half moon, and accommo- 
dated to the Defence of the Great Ditch : Not to mention the 
Mines and Vaults which are digged under the chief Ramparts 
about 6 foot high, and 3 or 4 broad (called the Greater Gal- 
Aries) and alſo other low ones that are ſlightly prop'd up, be- 
Wing to be open'd in time of a Siege (call'd the Rameax). 
| WW VIII. The Orthography of Vauban's Form Al du Fay 
ul cives us, being expreſs d only in a ſmall Figure, ſo that it ap- 
bears not very diſtin, viz. Suppoſing a Perpendicular Section 
V8 of the chief Works to be made through the middle of the 
ve Courtin, but he has not expreſs d in diſtinct Numbers the 
al WHeights, Breadths, and Slopes of the Parts, as is the uſual 
ray. But Chambray {lights the way of enlarging or contracting 
the Orthographies according to the number of Baſtions ; and 
5 0therefore gives us one general Method, with determinate 
Numbers, whoſe Meaſures being accommodated by us to Fig. 
XXII. belonging to the Belgick Form, will ſtand thus; A B 
Idee foot of the Rampart 5+ perches; A K the Meaſure of 
the inner Slope 10; Bs the Meaſure. of the outer one 6 foot; 
K L the height of the Rampart 15 perch; L H the Terra- 
WPlane of the Rampart 2 perches; HF 4 foot, EF 8, CN 
I, DN 4 foot, B54 foot, 5 m the breadth of the Ditch 10 
FFF rn TC perches 3 


”» a 
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Perches 3 ; & the depth 18 or 20 foot; mt h the Covert- way 
2 perches or 25 ; h 5 the foot of the floping Breaſtwork 13 


perches. 
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Goin the fall Tchnography and Orthography of 
os Blondell's Form. 1 


J. H E Blondellien Form, whoſe Protography we have 
1 tavght in Chap. X. of Sed. I. Firſt, has the fame 
number of retracted Flanks with that of Pagan, Ruſius and o- 
thers, viz. three; but the length of theſe is much greater than 
theirs: It hath moreover, Secondly, a low place for Cannon 
(m and m) raiſed about the middle of the Face of the Baſtion, 
Thirdly, The breadth of the great Ditch is very large, and in 
the middle of it there is another leſſer one O, which is called 
Cunetie. Fourthly, The Angles of the Baſtions are more accute 
than in theBelgick Form, and theFlanks fall not exactly ſperpendi- 
cular upon the Line of Defence, but make an Angle with it ſome- 
thing obtuſe, eſpecially in Quadrangles, Pentagons, and Hex- 
agons. Fourthly, The Baſtions are cover d with Half-moons, 
Whoſe Faces are very long, called the Countergard: (N and N) 
and the Courtins are furniſh'd with a double Ravelin (M). 
Before which, Sixthly, are placed on both fides two little Loop- 
holes (P and P) according to Vauban s way and others, to 
hinder the Enemy quite from ſeeing the inner Works, Ge. 
II. To illuſtrate all which, we will form the exact Ichno- 
graphy of it thus; Suppoſing then the Protography to be al- 
ready delineated according to the Directions given in Chap. X. { 
Firſt, From the Flank E H or F G cutoff a Part at E and F | 
of about 4. or 5 Perches, for the forming of the, almoſt, ſemi- 
circular Shoulder ; and the greater Part which is left towards 
H and G, keep for the loweſt Flank where the Cannon i — 
placed; but in a Pentagon and all other Polygons, tis 2 
* | > s in wards, 
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: wards, as in Pagan s Form, at the diſtance of 2+ or 3 


Terraplane 2 perches and } wide; next to which ſtands the 
middle Flank looking over the former, which hath alſo its 
Terraplane ; and next to this ſtands the third or higheſt Flank, 
which has the ſame Dimenſions, as to its breadth, with the firſt ; 
but their length, which is ſomething unequal, is determined, 
Thirdly, by a Line continued from the Angle of the oppoſite 
Baſtion, v. g. B, and paſſing under the Shoulder formed at E, 
till it touch the top of the higheſt or inmoſt Flank. Fourthly, 
In each of the Faces A E and BF, the Portions 4 e and bf; 
anſwering to the breadth of the Ditch of the Ravelin, which 
ir ought to defend, is taken to form the double Bank for plac- 
ing the Cannon, viz. the foremoſt and loweſt ( whoſe height 
anſwers to the middle Flank of the Baſtion) and hindmoſt and 


retrated riling, whoſe height is the ſame with the higheſt 


Flank , and the Space between them is likewiſe 2 perches 
broad. | „ . 

III. The breadth of the primary Ditch, fifthly, is equal (at 
leaſt as near as can be) to the length of the loweſt Flank, and 
lies fully in view of it, if its Angle, which looks inwards, be 
determined by thoſe Lines which we have already drawn 
from the extream Points of the Baſtions under the ſemicircular 
Shoulders. Sixthly, Before this Angle is to be placed an Half- 
moon or Shield M, whoſe Meaſures the Author has not de- 
fned ; but as near as I can gueſs from his Schemes or Draughts, 
and from the genuine uſe of the Half-moon (which is to cover 
the Shoulders of the Baſtions, and defend the Ditch, des Con- 
tregardes) for which uſe this is alſo intended; the Face of it 


om 


Secondly, Behind this firſt Flank, which is 14 broad, is left a 


may be made equal to about 3 of the Face of the Baſtion, and 


is Neck equal to half of it; whereas, Seventhly, the other 
Half. moons covering the Angles of the Baſtions, and the Re- 
mainder of the Faces, and alſo preventing the Enemy from ſee · 
ing the retracted Flanks oppoſite to them, viz. the Counter- 
gards N and N, are at moſt two perches in breadth, reaching 
out with the parallel Faces towards that middle Half-moon, be- 
ing ſeparated from it only by a Ditch, which at molt is but 6 


perches wide (which alſo ſurrounds them) and in this Caſe be- 


ing of a ſufficient breadth they are likewiſe ſtrengthen'd * 2 


266 Of FORTIFICATION. 


deep Ditch, almoft in the middle of the great one ( called ef the | 


Camecte 0). ; | 7 art, W 
IV. Alſo upon the Angles of theſe Ditches which meet be. Naalled c 
tween the middle and lateral Half - moons of the Baſtions, I 12 01 
Eighthly, are placed two Loop-holes P and P, whoſe Necks equal 
and Faces may be made equal to half the Neck and Faces of ie raiſe 
the middle Half-moon ; moreover in thickneſs or breadth they {Maſt the 
are equal to the Half-moons of the Baſtions; which very thing ſhy it ; 
is alſo to be underſtood. of the middle Half-moons, except on. ¶ Mot hig 
ly in the inner part of the Face, which anſwers to the Ditch Noot at! 
Which it is to defend; and becauſe it is to be furniſhed wih VL E 
two Flanks or Breaſt-works for Cannon (one pretty low, the H Flank 
other higher) which are to be placed behind each other, iſ a Fig! 
ought to be ſomething thicker, but the Terraplane behind i Norm (it 
ought to be but juſt broad enough for the recoiling of the Might Li 
Cannon, viz. leaſt the Works (which muſt be built with folid len alte 
Stone) being taken by the Enemy, ſhould afford them a kt {rea c 4 
Seat for their Troops. | , Secondly 
V. All theſe Works, both internal and external, Ninthly, ¶ Perpendi. 

are every where ſurrounded with a Covert-way Q and Q, &:W: 18, « 
32 or 4. perches broad, I fay with a Covert way furniſhed wih ut. At 
Its Breaſt- work and Banquets, and reaching out into the Fields, ith the 
with the uſual Slope. All which being thus perform'd, the fullW 4 ; al 
Ichnography will be finiſhed, which will alfo help us muck{Wrealt-we 
towards giving the Protography of each Part ſeparately (for ve be mad 
cannot very conveniently give a general Section of all the inte- Ne the up 
terior and exterior Works) if we collect here into one place ner heig 
the following Directions, which lay diſperſed up and down ine one 6 

2 ſmall Treatiſe of Blondellivs. Firſt, The height of the Ter{Wraphy of 


taplane of the loweſt Flank is 9, or at moſt 12 foot abor: 
the bottom of the Ditch (which is the wholedepth of the Ditch 
but the height of the middle Terraplane is 18, or at moſt 
24: And laſtly, That of the uppermoſt Flank is 27, or at 
moſt 36 foot. Secondly, The breadth of the Breaſt-work 
themſelves is every where the ſame, viz. 1 perch and 2; the 
breadth of the Terraplanes is 2 perches, or 2 and 5, as batlt 
deen already faid ; their heights in the loweſt Area are 9 ot 
10; in the middle one 6 or 7; in the higheſt of the Rampart 
ir ſelf 3 foot and 2. Thirdly, The Breaft-work or Parape 
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of the Half-moons, is at moſt 6 or 8 foot high; and the Ram- 

art, which is every where hollow with ſubteranean Cavities, 
led Countermines, or the Terraplane of the Rampart, at moſt 
b 12 or 15 foot high. Fourthly, The lower Area of the Face 
equal in height to the middle of the Flanks, 5. e. it ought ta 
be raiſed 18 or 24 foot above the bottom of the Ditch, viz. 
Lat the Face of the Baſtion may be ſuppoſed to be weakened 


ir; and the Breaſt-work of this Area, which is 6 or 7 
or high, muſt riſe from the bottom of the Ditch 25 or 30 
cot at leaſt. | 3 
48 VI. Hence, in the firſt place the Orthography of the retract- 


d Flanks (which Blondeli himſelf hath nor fo much as expreſs d 
na Figure) may be eaſily deſigned in imitation of Pagan s 
Form (in Eg. XXVI. Numb. 2.) thus; Upon the fundamental 
Night Line A L, firſt, ſet of the Berm A b 3 or 4 foot at moſt 3 
jen alternately ſer off the Parapet 6c I perch and 2, and the 
rea cd 2, or 2 and 2; de, again, 1 2, ef 2, or 2+, Ge. 
condly, From A downwards, from c, e, g, H, upwards the 


„ erpendiculars, A O 9, or at moſt 12 c 5 9, or at fartheſt 12 ; 
18, or at moſt 24; gs and Li 27, or at fartheſt 36 
hoot. And, Thirdly, draw every where the Spaces i / parallel 
, rich the fundamental Line, 20 or 26, the Slope h m 2, and 


m4; alſo incline the Slope Im, about 6 foot inwards (if the 


ch{Wccaſt-works are lined with a Wall, otherwiſe the Slopes ought 
ve be made greater) and thus, Fourthly, having declined a lit- 
te- Ne the upper Faces of the Breaſt- works (viz. ſeeing that their 
ace{Wnner heights i k were made in the loweſt ꝙ or 10, in the mid- 


e one 6 or 7, in the higheſt 3 foot and 5 ) the full Ortho- 
raphy of the Flanks will alſo be obtained, 


IP 
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— — — 
HA v5 
Giving the fall Ichnography of the Scheiteria 


Form. 


I. H E Protography of this Form hath alſo been gir 
above in Sect. I. Chap. XI. and that very largely, 

fo that in the further Ichnography of it, we may be more brief, 
viz. by ſuppoſing with Scheiterius, Firſt, That the breadth d 
the Ditch beyond the Baſtions, and before their Points mul 
be defined according to his way, with a Pair of Compaſſa, 
above 7, 8, 9, 10 perches, having drawn Lines from the 
Curves, made by the Compaſſes, towards the Flanks of the 
lower Rampart (which is to be ſurrounded with a higher ore) 
meeting in N (ſee Fig. XXIX. N. I.) Secondly, for the forme 
ing the Ravelin of the Countergard, take the Capital Line NO 
(ſee Fig. XXIX. Numb. 2, and 3.) 8 perches, and back again 
'OT 3 perches; and on both ſides place the Parallels P R, 
QS at the ſame diſtance of 3 perches. Thirdly, For the Wall 
of this Ravelin, Note, That its thickneſs towards the inſide 
ought to be 1 perch; and that the height of this Wall mul 
be diſtinguiſhed in the middle with Planks, for placing the 
Muſqueteers inthe lower Frame of the Ravelin, and the Can 
non in the upper. Fourthly , That the breadth of the dr 
Ditch (Fig. XXIX. Numb. 77 ought to be the ſame with 
the Ravelin, viz. three or four perches. Fifthly, That the 
Covert - way is of the uſual breadth, having a double ſloping 
Breaſt-· work (or Eſplanade) under which ard ſeveral Receptacle 
(which he calls Caphaneres) and Countermines reaching out in 
to the Fields. Sixthly, That there are arched Mines undet 
the Faces of the Baſtions. Seventhly, That the lower Rampart 
(the Falſe Bray) is to be continued both before the Baſtions, a - 
- hath been already faid, and alſo before the inner Receſs betwee 
every two of the Counter-Baſtions (4). Eighthly, and laſtly 


That the thickneſs of the Ramparts and Breaſt-works, as ” 
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their Heigths, the Depth of the Ditches, &c. are all to be tranſ- 
ferred hither from other Forms. 0 > 

II. For the forming of the aforeſaid inner Receſs, theſe few 
things are particularly to be noted; Firſt, Becauſe he don't 
jon the primary Baſtions to the Courtins, but keeps them ſe- 
parate, there muſt, of neceſſity, be an inner Rampart, which 
may encloſe the place on every ſide, with a Ditch lying be- 
tween : For this End, Secondly, he takes the Gorges of the 
Baſtions upon the continued Lines of Defence B H K and 
AG L, of ſuch a Capacity H K and G L., that may be ſuffi- 
cient to contain the two Breaſt- works of the retracted Flanks 
and their Area's or Terraplanes, aſſigning at leaſt 4. perches to a 
Breaſt work and its Area. Thirdly, Upon the Spaces K and &, 
Land i, he forms arbitrarily the Triangle KIK, LI“; yet 
the Angle of the Vertex I, is never leſs than 60 Degrees, al- 
though it may be ſometimes larger. Hence, Fourthly, he 
makes the breadth of the Ditch in proportion to the Earth that 
mult be digg d up for the railing the Works, and draws 
is Limits parallel with the ſides. of the exterior Baſtiofi 
HCKI kh, Sc. by which means the Receſs or Counter Ru- 
vin of the inner Rampart, as he calls them, meeting together 
wich the Courtins in the Angle r are defined. Fifthly, Upon 
this Angle r he conſtructeth his Counter Baſtion after the fol- 
lowing manner: From the middle of the {ide of the inner 
Polygon, drawn from H to G, with an obſcure Line, he lets 
fall the Perpendicular r, and continues it upwards even to C 
the Interſection of the two Lines of Defence, and this Diſtance 
Che placeth on both ſides perpendicularly upon 4 r from r 
to and :; and having taken the diſtance C he puts it below 
from y in x. and 4; and thus both the Flankss x and : u; alfo 
the Faces Cs and C #, and conſequently the whole Baſtion is fi- 
niſhed. Sixthly, He adviſeth us not to make the inner breadth of 
this Counter Baſtion too large, becauſe it will make the breadth of 
the Ditch, between this & the exterior greater Baſtion too narrow. 

III. Laſtly, For performing the Orthographies both of the 
Flanks and of the Faces in the primary Baſtions, and alſo of 
the inner Receſs, the Hypotheſes of the reſt of the Forms may 
ſerve, becauſe the Author has forbore to make particular men- 
ton of the Meaſures belonging eyery one of them. _ 

B | | or 
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for the peculiar Orthography of the. Countergard Ravelin (which 
I can no where meet with in other Forms) the following Di. 
rections, which we have in part given above, may be ſufficien 
Firſt, that the whole interior height of the Wall, with which 


it's incloſed, ought to be two Perches, to be divided with 


Plank two Foot thick, into two Floors, the lower one for the 
Muſqueteers, the upper one for Cannon (ſee Numb. 2 and 1) 
and in like manner to be cover'd with a Roof. Second, 
That the lower Roof which is about 5 Foot high, muſt be 
formed of Planks, and ſtrengthened with Earth or Clay (Nu, 
4.) Thirdly, That the Wall of the upper Floor ought 50 
have four large Apertures in each {ide (at leaſt at the Space af 
12 Foot) that of the lower muſt have 11 or 12 narrow one 
on both ſides (at the diſtance of about 6 Foot: See Eg. XXII 
Numb. 2 and 3.) Fourthly, and laſtly, The depth of the 
dry Ditch ſurrounding it (F) is to be 5 or 6 Foot, &c. from 


V bich one may eaſily be taught to perform theſe Pelineations 


eſpecially having one to guide us. 


n 


_ 


CHAP. VI. 


Containing what Remains of the Villeian Form, and 
| alſo the full Ichnography of Mallet's Form. 


I. Mo the Protography of Mr. Vite's Form, which w 
have explain d largely in Chap. V. Se8. I. we (hall 


here over and above add a few things that remain, that we 
may obtain the full Ichnography of it. Firſt, therefore he 


requires the Flank to be cover d with a Shoulder (Flanc Couvert 
8 or 10 Paces, or 4 or 5 Perches long, viz. a third part of tht 
whole Protographical Flank. Secondly, The Shoulder it fe 


is 16 or 20 Paces in Diameter, to be conſtructed as we fhal 
ſhew hereafter, which although if made round, it be leſs brit 
tle; yet in his Opinion *tis more coſtly, and not fo convenien 


for levelling directly towards the Face of the oppoſite Baſtion 
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3 aquadrangular Shoulder. Thirdly, The lower and upper 
Area, which are themſelves 6 Paces broad, require alſo 4. for 
the hindmoſt Arches (if any ſhould be deſired.) Fourthly, 
There is alſo a private Poſtern behind the Shoulder for making 
private Sallies ; and from the Terraplane of the lower Flank 
there's a Deſcent open, accominodarted alſo to the Horſe. Fifth- 
y, there are alſo raiſed Banks of Earth in the middle of the Ba- 
ſions, riding as it were on them and the Flank of the Courtin 
(hence commonly called Cavalliers) in the former Caſe their Am- 
bit is round or ſquare, but in the latter, a Rectangle or Ob- 
long is more convenient; and they are in ſuch a Poſition, 
that the longeſt ſide of the Rectangle is perpendicular to the 
oppolite Face produced. 
II. The Formation of the Shoulder may be learned from the 
Deſcription of it given by Mr. Maler, which in ſhort is thus: 
Every Flank of the former Protography, e.g. FG Fig. XXX. 
is, Firſt, divided into three equal Parts in 1 and 2; and a Right 
Line being drawn to the Angle of the oppolite Baſtion A, upon 
it is ſet oft, Secondly, the Portion 1, 3, equal to the third 
Portion 1, G; and there where the continued 1,3 cuts the Face 
BF produced to 5, placing one Foot of the Compaſſes, extend 
the other to 1, and deſcribe an obſcure Arch, from whoſe 
Middle C another Arch being deſcribed through 3 and 4 will 
give the round Shoulder; and a Right Line drawn from 3 to 
4 will form a Quadrangular one: There are alfo two other 
ways of forming this Shoulder, expreſs d plain enough even 
without Words, in Number 2 and 3 of the ſame Figure. More- 
over, that the oppoſite Face E A may the more commodiouſly 
be defended by the Cannon from the lowerArea of the Covert- 
tank, the Courtin H G is broken, as it were, about G a little 
inwards toward I, in which Part alfo there 1s an Entrance into 
theArea with an arched Paſſage: All which I had more diſtinct- 
ly expoſed to the Reader's view, if I bad been at leiſure to ſee 
De Ville's Work ( which muſt of neceſſity be very tedious) or 
at leaſt to have looked over the Original French Edition of Mr. 
Males, entitled, Travaux de Mars. But now, ſeeing that the 
Printer deſired the Work might be haſtned, I was to make ule 
of an obſcure German Tranſlation, which was very imperfeCt in 


the Figures of this place row in hand (which to me is no ſmall 
| | B b 2 trouble) 
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trouble.) I ſhall only give à rough Draught of that Fiz, 
165. in which BA C (Fig. XXXI.) repreſents the Shoulder of 
the Paſtions, H and I the Avenues of the lower Breaſt. work 
lying behind the Shoulder (called in French Embraſures) FGH 
the open Area; F G the hinder Arch for preſerving the Car. 
non, Sc. K a Poſtern or private Paſſage into the Ditch; 
L the- Deſcent to it, or an oppoſite Portal; O a Place ot 
arched Paſſage through which the Cannon are carried below the 
Rampart into the Caſa Armata,as he calls it, or retracted Flank, 
III. For the ſame reaſon | ſhall explain both the Protography 
and Ichnography of Mr. Mallet, ſomething more fully fron 
Pare II. Lib. I. of that obſcure Tranſlation z which in general 
conſiſts in the following Particulars; Firſt, He not only re. 
jets Errardus the Italian his Way of placing the Flanks perpen- 
dicular to the Face, but alſo the Belgick Way of placing them 
at Right Angles with the Courtin, and Pagans, who makes 
them perpendicular to the Line of Defence ; the firſt, becauſe 
they hinder too much the ſight of their oppoſite Faces; the (e- 
cond, as being too ſhort, and ſtriking too obliquely ; the 
third, as being too much expoſed to the ſight of the Enemy. 
Secondly, Therefore endeavouring to keep a Mean between al 
theſe, he makes his own on that part which looks towards the 
oppoſite Face, always to comprehend an Angle of 98 Degrees 
with the Courtin ; ſuppoſing that by this Means he ſhould a- 
void thoſe Defects that are in the above mention'd Forms, and 
conſequently, that he ſhould have the Flanks longer, and the 
Faces, on the contrary, ſhorter than in thoſe Forms, which at 
the ſame time ſhould have the Face and its Parts fully enough 
in view, leaving alſo a more convenient Space for placing 1 
or 2 Cannons privately behind the Shoulder. Thirdly, He 
- adviſeth to have the Courtins made as long as poſſible, but the 
Faces, on the contrary, as ſhort as they can well be, becaul: 
theſe are moſt of all expoſed to the Aſſaults of the Enemy; 
whereas the Courtins are moſt ſecure from them. Bur lealt 
the too great length of the Courtins ſhould make the Baſtions 
too narrow, he thinks their Proportion to be very juſt if they 
are to the inner fide, as 3 to 4. Fourthly, The Proportion 
of the Gorge to the inner ſide, he requires to be as 1 to 5; and 
of the Capital Line, as 1 to 3. Fifthly, Whether the Angles 
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ways to be 120 Fathoms, or 60 Perches. | 
IV. Which being thus largely deduced and confirmed 


o 16th incluſively, the Calculation of the reſt of the Angles 


and Lines is made in this Order, in Page 5, Go. (1.) Firſt 


f all he finds the Angle of the Center A Z. B (Fig. XXXII. 
rhich is accommodated to our uſual Letters) alfo the Angle of 
he Polygon h a H, and its Half L 4 h, and its Complement 


Ha A. (2.) For finding half the Angle of the Baſlion, in 


e AG a there is known A 4, 4 of ab, and 4 g, F of the 
ime, and the intercepted Angle A a H: From which Data 
ne Angles at A and G may alſo be found by the common 
ules of Trigonometry. ( 3.) All the three Angles of the atore- 
ad Triangle being known, and the two ſides Aa, and a G 
ing given, the third A G, which is the Line of Defence, 
ut of neceſſity be known. ( 4. ) And ſince in the Triangle 
HG the Angle at H is given, viz. 98 Degrees; and EGH 
king found already above, and conſequently the third GEH 
ing known; moreover the Courtin H G being given + of 
he internal ſide a b, both the Flank E H and allo the Line 
G will be found; and if this laſt be ſubtracted from the Line 
Defence AG, found according to Numb. 3. the Face A E 
vill alſo be known. ( 5.) If the leſſer Diameter a 3 (being 


ren {ide a b, and from the Angles at the Center, and the 
elt which are likewiſe known) be added to the Capital Line 
will give the greater Diameters A Z and BZ, and by the 
dp of theſe, ( 6. ) the greater Side A B may be found , 


ther Trigonometrically, or by making, according to the Rule 


Three; As Za; toab:: ſo is Z. A: to AB. 
V. By the help of this Calculation if there be compoſed par- 


cular Tables of Angles and Lines in imitation of the Belg!ck 
tes in Seck. I, Chap. II. they will alſo eaſily ſupply us with a 
. a B b | | 


3 way 
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of the Baſtions are Right or Obtuſe he matters not, yet he ſets 
theſe Limits, that they ought not to be leſs than 70 Degrees or 
greater than 140 Degrees. Sixthly, He adviſeth to make 
the inner {ide in the firſt part not above 100 ſix Foot Fathoms , 
or 50 Perches ; but in the ſecond Part (where he teacheth to 
make the retracted Flank ) he requires the ſame innec ſide al- 


hroughout the 4 firſt Pages, and afterwards from Page 10th 


und Trigonomerrically according to Maller's Way, from the 
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way by which we may deſign the Protography of Mull Flank 
Form, after the ſame manner as in the Belgick Form. But tha is 1 * 
we may finiſh the Deſignation of this Form, after the common or Ba 
Method, which we have apply'd to the reſt of the Forms, w; halfa 
beginning by the external {ide ; a ſhort Table muſt be made they < 
after the ſame Manner, and with the fame Labour, whereby Letter 
the Perpendicular DC (which is the only thing wanting inthi VI. 
place) was found throughout every Polygon in the Belgick Pom on wt 
(dix in the Triangle A D C having given the Side AD, ud Neck 
the diminiſhed Angle. CAD, and conſequently its Complemen the Ce 
ACD; from theſe Data finding the Perpendicular C DT the m 
gonometrically) which Table may be made in imitation of tha ſtance 
in Chap. III. Sect. I. and from thence the Protography may b of two 
finiſhed by the common Rule, viz. by letting fall from t work, 
middle of the ſide AB the Perpendicular D C of a convenienM work. 
length; and having drawn tranſverſly through C the Lines o VII 
Defence A G and B H, which are to be determined from t ve wi 
aforeſaid Table; in them ſet off the Faces A E and BF, and delinea 
draw the Flanks from G to F, and from H to E, Oc. 33d. 
VI. The further Elaboration of this Ichnography chief ;:7. 3. 
contains theſe two things, the Formation of the Caſe Armae i deſcen- 
as he calls them, or the retracted Flanks, and the convenient the Fl. 
Placing and Configuration of the Banks of the Earth or BH above 
teries riding upon the Baſt ions (which Mallet ſuppoſeth to b greater 
plainly neceſſary.) The former of theſe conſiſts in the fo as they 
lowing Conditions accommodared to our uſual Figure: Fill kreaſt- 
The Protographical Flank, v. g. FG muſt be biſſected in 1 this Ar 
the Line of Defence A G being firſt produced to k, that GM 1 or 
may be 3 Perches, or 3 2, and having made &“ parallel to Men b 
the Flank FG. Secondly, from m the middle of the oppolito are got 
Face A E, draw through # to the Parallel & / the Right I ine faid Ca 
m n, and parallel ro this o p q, ſo that the diſtance  p may be: ſight of 
a Perch, the whole Line 5, o % r Perches and 2. Thirdly, Mak: Breaſt- 
q r parallel to k ! 2 Perches, and r sparallel to p q ; by whiff tended 
Means the Area's of the retracted Flanks both of the lower« Ml is a 
k G, and alſo of the upper and leſſer p qr s will be defined thirds © 
Fourthly, For the Shoulder, » # is produced to u, and B F to tothe n 
e, that between thee and F there may be a Space of } ſpondin 


Perches. Moreover, to the Breaſt-work of the 1 Bank o 
| Flank 
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Flanks is aſſign'd the height of half a Perch, and its thickneſs 
1, or at moſt 2 Perches, well furniſhed with Port. holes 
or Battlements for the convenient placing of the ſinall Cannon 
half a Perch aſunder, let them be under-prop'd and diſpoſed as 
they are in Ships, viz. in that Form which is expreſs'd by the 
Letters in Fig. XXXIII. | | 

VII. The latter, viz. the Deſignation of the Banks of Earth, 
on which the Cannon is placed, which mult be erected in the 
Neck of the Baſtion, is thus performed: Having produced both 
the Courtin H G to b, and the Line of Defence A G to x, on 
the middle Point between x and ò deſcribe a Circle at the di- 
ſtance of 7 Perches or leſs ; viz. that there may remain a Space 
of two Perches between the Bank or Hill, and the upper Breaſt 
work, for a convenient Paſlage for the Souldiers to, the Breal(l- 
work, „ 
VIII. That the whole thing may be the better illuſtrated, 
we will take the Figure of an entire Baſtion Ichnographicall7 
delineated by Maler, which is his 3 6th Figure, but with us the 
33d. with this Deſcription of it, whch we will take from 
jap. 36 of Mallet: A repreſents the Ladder by which they 
deſcend to the lower and greater Caſa Armata, or the Area of 
the:Flank lying behind the Shoulder, its Pavement lying not 
above 6 or 7 Foot above the bottom of the Ditch, ; is the 
greater Caſa Armata, which the Beſiegers can diſcover as ſoon 
as they are got to the Covert way, or to the Slope of the 
Preaſt- work covering it. C is the Parapet or Breaſt- work of 
this Area or Caſa Armata, which with its thickneſs, which is 
1: or 2 Perches, defends and covers the Cannon with the 
Men belonging to it, from the Enemies Cannon when they 
are got to the aforeſaid place. D is the lower part of the afore- 
ſaid Caſa Armata , or retracted Flank, which is hid from the 
fight of the Enemy by the Shoulder of the Baſtion. E the 
Breaſt-work of the ſame, like the upper one. F is a Vault in- 
tended for a Place to lay up Powder and other Materials in. 
G is a Ladder leading to the middle or upper Area H, two 
thirds of which is hid from the Enemy, although they are got 
to the middle of the Ditch. I its Breaſt-work; and L its corre- 
ſponding Vault. M an Acea, or the uppermoſt and higheſt 
Bank or Hill, equal in height to the Terraplane of the Baſtion, 

| 08 4 | and 
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and ſtanding out of the fight of the Enemy. N the uppermoſ 
Bank or Hill, with its Vault lying under Ground for coverin 
the Cannon and other Neceſſaries. But what the Author (peaks 
of theſe Area's or Caſe Armate, as he calls them, in their de. 
fence againſt ſeveral! Objections that are made, may be ſeen at 
large in his own Book, from Pag. 24, to 3oth, 


— 1 4 7 — P'S 1 — 
* 2 1 


CHAP. VIII. 


Containing a New and Choice Form of Fortification 
of a certain Anonymous Author. 


IJ. ere came forth a Book in 1689, without the Au- 
| thor's Name to it, entitled Nouvelle Maniers de Fortifer 
les Places, which Book I have not ſeen. But in the fame Year, 
in the Month of May, the Collectors of the Lipfian Tranſacti- 
ons, printed a ſhort Epicomy of this Form, whence we ſhall 


take the chief Conditions of it, contracted yet into a narrower | 


compaſs. He hath made up a mix'd Form from the four ce- 
lebrated ones of this Age, viz. the Paganian, Villeian, Vaubani- 
an and Blondelian , by taking from every of them what he 
thought proper, and adding to it ſome new Inventions of his 
own: The chief Foundations of which conſiſt in theſe Particu- 
lars (See Fig. XXXIV.) Firſt, With Villeius he prefers the 
Flank Fichant before the Razand. Secondly, With Villeius allo 
he approves of making the Angle of the Baſtion a Right one, 
but ſo, that below an Heptagon it may be made leſs than a 

Right one by 8 or 10 Degrees: Moreover he ſuppoſed that 
il the Faces of the Baſtion on the upper Part, were not made 
to end In an Angle, as the common way is, but at the diſtance 
of a whole Perch were turn d off in a Curve like the Arch of a 
Circle, he concluded that it muſt be made fo from the top, and 
continued two Foot below the Horizon of the circumjacent 
Field. Thirdly, He extends the greateſt Line of Defence to 
150 fix foot Fathoms, or 75 Perches, affirming that a Muſ- 
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yet will kill above 80 Perches; and for the obtaining this 


lengths at leaſt in the larger Fortifications, Fourthly, he makes 
the inner ſide in 


The greater ſort, . Middle, Leſſer, 


For a Tetragon IV. 65 Perches. 60 50 
Pentagon V. 70 65 55 | 
Hexagon VI. 75 65 And ſoon. 


Heptagon VII. 55 „65 
And ſo on” And fo on. 


Fithly, From a Pentagon to an Octagon, he makes the De- 
mizorge always equal to 5 of the internal ſide : But in Polygone 
of a greater number of Sides, for every Degree beyond the 
125th of the Angle of the Polygon he encreaſeth it by one 
Foot. Sixthly, To the Flanks, which, for ſeveral reaſons, he 
maketh curvilinear, as in Vauban's Form, is aſſigned the length 
of 12 Perches and & (f. e. a ſixth part of the internal fide) 
where the ſide of the Polygon is not leſs than 75 Perches; in 
fſer ones 12; in a Square of the middle Form 11 43 of the 
leaſt 10 2 Perches. Seventhly, He greatly commends the 
Shoulders that are to be placed on theſe for their noted Uſes; 
he admits alſo of a lower and upper Area, which is againſt 
the Opinion of Vauban; and in this ( whoſe Parapet in leſſer 
Fortifications he makes not parallel to the upper Curve, but in 
2 ſtreight Line) is a Ditch ſurrounding the upper Flank 1 
Perch and £ wide, and 1 Perch deep, to prevent the Miſchief 
that may be done by Bombs. Eigthly, He produceth the up- 
per Flank a full Perch in length towards the Center of the place; 
ind, Ninthly, to both of them he allows the height of 6 or 7 
Foot, with 1 or 2 Steps or Banquets (rejecting Villeiuss Way, 
who makes them but 4. Foot high ) and their upper Face he 
makes more ſloping, leaſt their thickneſs, which he would 
have to be 20 Foot, ſhould incommode the Line of DireQion 
in Bring. 

II. R , Tenthly, he makes the Courtins half a 
Perch lower than the upper Flanks and Faces, that ſo from the 
Flanks of the Courtin the Faces may be ſcour'd by an, almoſt, 


Horizontal Fire: Hence it happens that the height of the Ram- 


part 
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part in the Courtins is but 1 Perch; in the Baſtions 12; 
which, Secondly, he had rather ſhould be made hollow be. 
tween the Flanks and Faces, but ſolid in the middle of the 
Gorge, for the containing forked- like Receſſes: For which ſince 
there is no room in quadrangular and quinquangular Fortij. 
cations, by reaſon of the narrowneſs of the Gorges. Twelfth. 
ly, He doubles the Baſtions towards the outſide ( ſee Eg. the 
fame, Numb. 2.) And, Thirteenthly, He makes the breadth 
of the Ditch towards the Angle of che Baſtion, conſtantly 3 
perches, and parallel ro the greateſt Line of Defence : Its depth 
alſo before the Courtins is at moſt 2 perches, before the Face; 
fomething more, rejecting the lower Ditches (Cuverres) and 
thoſe on the fore part of the Work (Avant Foſſez ] except they 
are full of Water. Fourteenthly, He ſtrengthens the Covert- 


way with a double Breaſt-work, but by no means approve 


of making it below the Horizon, as Villeius doth, Fifteenthly, 
The Falſe Bray he ſupplyeth with a lower Courtin (Cortine 
Baſſe) that is, with a Breaſt-work 6 foot high, and 18 broad; 
and the Area he removes 2 perches from the upper Courtin, 
which he prefers before Vauban's Falſe Bray. Sixteenthly, He 
makes a Redoubt beginning behind the Shoulder, and reaching 
all along the Courtin, very convenient for the Souldiers to 
fally out at, lower than the Ditch by fome Feet, and covered 
with a Parapet 9 Foot high. „„ 

III. The chief Conditions of this Form being thus premiſed, 
we will explain by an Examp'e, after what manner of Compu- 
tation the reſt of the Lines, which are not given here, may be 
found; and thus beginning, not only according to the Belzick 
way, by the internal Side, but alſo by that general Method 
to which we have reduced all the reſt of the Forms, we will 
give the Protography of this Anonymous Form, viz. Since 
there are given here, according to what hazh been deliver d a- 
bove, not only the inner Side b, #5 perches (the fame Fig. 
V. which was made uſe of in the Belgick Form, is alſo apply d 
to this) and the Gorge a H, 15, and the Flank H E, 12 ; 
perches; but beſides halt the Angle of the Polygon a AD, 


60 Degrees, alſo half the Angle of the Baſtion 2 AE, 41; 


and conſequently the diminiſhed Angle EAD, and its alternate 
one HO E, 19 Degrees. Firſt, In the Right-angled Triangle 
; Ts 0, 
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HEO, the fide H E and all the Angles being given, you may 
Trigometrically find both EO, 38 perches, 5 foot; and alſo 
the Baſe H O, 36 perches, 4 foot. Secondly, In Triangle 4 
O A, the Angles at O and A being given, and conſequently 
the third at a, and the Side a O (being compounded of H O 
and a H ) you may find both the Capital a A, 25 perches 6 
foot, and alſo the leſſer Line of Defence A O, 67 perches, 9 
foot ; and conſequently (by ſubtracting EO, already found, from 
A O) the Faces A E, 29 perches , 4 foot. Thirdly, Inahe 
Right angled Triangle A EP, the Angles at A and E being 
given, you may ealily find the Portion A P of the external 
Side, Which being doubled and added to the Courtin H G, al- 
ready known to be 45 perches, it will give the external Side 
x coperches , 6 foot, and its half AD 50 perches, 3 foot. 
Fourthly, and Laſtly, In the Right angled Triangle AD C, 
this ſame A D its Baſe being given, and the Angles at A and 
C, by calculating rightly you will find the Perpendicular DC 
17 perches, 4 foot; which, as alſo all the reſt, being com- 

ted after the ſame manner in all the other Polygons, a Table 
will be form'd like thoſe which we have formerly given, and 
from thence the Deſignation of this Form may be made accord- 
ing to the common Method, beginning by the external Side: 


Which Table we ſhall here give you already actually calculated. 


A TABLE 


= We - 
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A FABLE of LIN E S for the Protograply 


of this Anonymous Form. 


For the Fortihcation in IV + TVs | VIL [VII IX | 


— — — — 


x00, 4 95. 4 93.6] 920 


— — 


2 
S 

RA 

9 


Side AB 1 


perpendicular DC :| 4 oft. 17. 3 16.7] 194] 214 


— — . 


2 
Line of Defence A O o O 8 8 67. 7 64.6] 58.9 555 
3 


100. 4/110.0[12.2.3]1 34.; 


1 


[Greater Semidiam. A764. 9/82. 


_ — — . 


Face AE 27. 528. 1] 29. 4 26.7 26.3] 26.0 


I”. 0022. 6258. 5 23.7 24.4 25.0 


Capital Line A 2 


IV. From this Table having drawn the external Side AB, 
and biſſected it in D, according to the common Method uſed 
by almoſt all Moderns (for the other way we [hall leave out) 
from this Point let fall the Perpendicular I) C, v. g. 17 perches 
and 3 foot in a i Fortification ; and having drawn 
croſs-wiſe ACO, BCN, 67 perches, 9 foot ; through O 
and N draw an indefinite Right Line; and having ſet off the 
Faces A E, BF, 29 perches, 4. foot, upon that undetermin'd 


[=> Right Line let fall the Perpendiculars E H, F G, and they will 


give the Flanks, and the Interjacent H G; to which if you add 
on both ſides the Demigorge a H and G, according to Num. 
F. Seck. I. you will gain the inner {ide a ö; which might alſo 
have been had, if by Interſection of the two Diameters A Z. 
(which we have given in the fame Tables, being computed 
after the ſame manner as in the other Forms) you had found 


the Center Z., Se. And thus the Protography of one {ide 
will be obtain'd, and as for the reſt they may be gained after 


the ſame manner. | 
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V. The full Ichnography alſo of this Form may eafily be 
form'd from the Conditions of it mentioned in Se#. I. briog- - 


ing alſo to your help the Deſignations of Vauban, Pagan, and 
Blondellius, viz. by borrowing the Curvatures of the Flanks 


from Vauban; the Caſe Armate or Area's for the Cannon in the 
Faces of the Baſtions, from Blondellius; the Ravelins and Half- 


moons, and alſo the Greater Covert-ways (otherwiſe called by 
kyeral Authors the Conſerves, Countergards, and Greas Counter= 
ſarps ) from Pagan; the tranſverſe Breaſt- works or Parapets 
(the Traverſes) in the leſſer Covert: way, again, from Vauban; 
the Courtin or lower Rampart, (be Falſe Bray) from the Bei- 


gick Form; and laſtly, over and above adding ſeveral Inventis 


ons proper only to the Author himſelf, theſe may ſerve, 

| fay, till I light of the Author's own Treatiſe, to ſupply the 

other parts that are ſtill wanting. If any one would conſtant- 

y make the external (ide, in greater Fortifications, equal to 

100 perches ; and alſo the Face every where 30, as Pg. 
doth ( juſt as in the Hexagons where the former is 100 
perches, 4. foot, and the latter 29, 4 foot, coming very near 

to them in Pagan's Form) then this laſt Table may be contra 

Qed twice as much as tis. | 


CHAP. If 


Giving, 4s near as can be gueſs d, the Rimplerian 
Form of Fortification. 


. O all theſe Forms of Fortification already delivered, 
vhich differ from one another in ſeveral Parriculars, 
but yet have ſome things common, as the diſpoſing their Baſti- 
ons regularly in a circular order, connected to one another by 
intermediate rectilinear Courtins, may be oppoſed another cer- 
tain Modern Form, although not one of the lateſt, invented 
by George Rimpler, who died at the Siege of Vienna, after that he 
ſpent 3 full Years in the ſtudy of this Form, publiſh'd by him 
at Frankford on the River Mn, in a German Treatiſe, entitled 
Munitio Munita, or Der beveſtigten Ueſtung, in which he 


hath 
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hath deſcribed it largely in Words, and commends it much bj 
comparing it with ſix other celebrated Forms, but hath not i}. 


luſtrated it with any Draught. This Form, which our Auth 


has deſignedly concealed from us, by not giving a Draught of 
it (as he himſelf confeſſeth in p. 116 ) we have endeavoured, 
bring to light, by his bare verbal Deſcription of it, and ſeems 
to be that which we here preſent to view. > 

II. And it differs from all the reſt hitherto explain'd, as the 
Author himſelf largely promiſeth it ſhould, chiefly in the fol. 
lowing Particulars: Firſt, In that he chooſeth to make it in 2 
ſquare Figure, ſuppoling it to be the moſt proper Figure for 4 
Fortification, which all others reje& as the moſt imptoper (ſe 
Fig, XXXV.) Secondly, Becauſe he placeth the Baſtions na 
upon the Angles of the Polygons, as in the reſt, but upon the 
middle of the Sides. Thirdly , The Courtins to which he 
connects the Baſtions, are not rectilinear but broken toward; 
the outſide, and meet in an Angle. Fourthly, The ſlight Con. 
nection is ſo ordered, that being taken away, not only every 
one lof the Baſtions, but alſo all the Courtins will be ſepa- 
rated from their neighbouring parts, ſo that every one of thoſe 
parts may be accounted as a particular Fortification, that if the 
Enemy ſhall chance to take one of them, thereſt may all remain 
ſecure, ſo that the whole Fortifcation ſhan't be taken till all 


- Its parts are won ſeparately. Fifthly, But that which is the 


chiefeſt thing of all is this, that not only the external parts that 
look towards the Fields, and face the Camps of the Beſiepers, 
but alſo the inner parts that face the City are fortified, after 
an unuſual manner, with their Ramparts, Parapets, Ditches, and 
other Out-works ; ſo that altho the whole Army of the Enemy 
be got into the City by that part of the Fortification which they 
have taken, they will find more Reſiſtance made againſt them 
within, than they had before without; nor will it be fo diffi- 
cult for the Citizens to retire out of the Town, having firlt 
ſecured their Riches and the beſt of their Effects, Gc. in the 

remaining part of the Fortification, ; 
III. But to this general Deſcription of this kind of Fortifica- 
tion, we will joyn alſo ſome more particular and determinate 
Conditions, from which we may gueſs at the Protography of 
this Form: Firſt, For the quadrangular Fortification, _ 
= ; | alter⸗ 
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ifterwards is to be compared with the Melderian quadrangular 
ane 3 every one of the exterior Sides is 92 perches, and u 

the middle of each of them is placed a Baſtion , whoſe Line of 
Defencemuſt not be longer than 50 perches, the Courtins bein 
&fended, not only by the two Flanks primarily, which taken 
rpether are 39 perches; but alſo, ſecondarily, by the two 
Faces which contain the ſame number of perches ; and again 
the Faces of the Baſtions are defended by the two Courtins 
gether 64 perches, &c. Secondly, For the Quadrangular 
Fortification to be compared with the CCtangular one of Fres- 
gun, the exterior Side is 204 perches ; the Baſtions, as be- 


The Face of the Courtin being defended by the two Flanks to- 
ether 22, and by the two ſecondary ones 14 perckes: The 
faces of the Baſtion are alſo detended by the two Courtins, 
105 perches. Th | 

IV. From which Data's, and alſo by calling into our help 
the common Rules of making the Angle of the Baſtion not 
e than 60 Degrees, Sc. we may thus gueſs at the Proto- 
graphy of the Rimplerian Form: Firſt, Draw the external 
Side AB (Fig. XXXV.) of 90 or 92 perches ; and with the 


B make an Interſection in O, for the Angle of the Baſtion to 
be conſtructed upon the middle of the Side at D. Secondly, 
From O and A, at the diſtance of + of A B make an Interſe- 
(tion in E, and another from O and B in F; thus there will 


OB. Thirdly, Set off the Faces O M, ON about 60 perches, 


and at the fame time you will have the primary ones NP and 
LQ parallel with ME and N F, which afterwards muſt be 
produced towards the inſide, for defining alſo the breadth of the 
Rampart of the Courtins on the inſide. Nor will it be ſo very 
lithcult to reduce the Protography of this Form alſo, although 


cs, which we have accommodated to all the reſt hitherto de- 


\ 


livered, viz. by the help of the Perpendicular DC, whoſe 
| length 
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fore, 4; the Courtin 8; the Line of Defence 63 perches : 


ngth of the given Line of Defence 50 perches, from A and 


be deſign d, in obſcure Lines, the double fork-like Figure AE, 


and from M and N draw M K and N L parallel with AE and 
BF; alſo ſet off about 7 perches for the ſecondary Flanks, 


o much different in ſhape from the reſt, to that common Pro- 
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- diminiſh'd Angle CAD (which is found by ſubtracting half 


| Way. | 


better to ſhew by an ocular Example, than to teach in tediou 


you make proviſion to ſecure their Heads and the other part 
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length may be found eafily by Trigonometrical Calculatiot 
from theſe Data, viz. half the Side A D 466 perches, and t 


erety 
bath t 
yen tl 
Hand, 
tion o 
with n 


139, 


Angle of the Baſtion, e. g. in the preſent Caſe 30 Depree 
from a Right Angle) and by the help of this Perpendicyl, 
having made the forked Figure A C B, and having ſet off Al 
and B F 5 of the external fide, with the ſame diſtance find thy 
Point of Interſection O, and it will give the Angle of the R 
ſtion, which muſt be finiſh'd according to the aforemention} 


V. For the full Ichnography of this Form, it will be nec 
fary to take the breadth or foot of the Rampart 7 perches, i 
the outermoſt Breaſt-work or Parapet 2, of the inner one x 
leaſt 1 perch and 2; the diſtance of the Port for the Cannon i 
the outer Parapet 2 perches; in the inner one at leaſt twely 
foot; the breadth of the outer Ditch about ten perches ; an 
that of the inner one muſt be half as much: But it will be 


verbal Inſtructions the remaining Delineation of the lowe! 
Rampart, which encompaſſes the upper one on every ſid 
within and without, expreſs'd in Fig. XXXV. by the ſtronger 
ſhaded Tracts; the Half-moons of the Covert-way, R, S,T 
with their Bonnets and the like, which are raiſed upon the An 
gles of the lower Rampart, d, e, ; the Retreats of the Ditche: 
whether wet or dry, X and Z., convenient for the making pi 


vate Sallies or Excurſions, Gc. 


VII. It will be worth our while. to obſerve from Rinpln 


p. 159, what he admires, and not without cauſe, viz. Thi 


Engineers ſhould ever dare to defend Fortifications by thei 


Garriſons, and not take care to cover and preſerve them; inc 


tis impoſſible to hold the Fortreſs except care be taken to pre 
ſerve the Men in Garriſon. But it will not at all ſuffice tc 
go about to deſend the Men with a Breaft-work only, unleſ 


of their Bodies againſt the Bombs and Granadoes, as allo : 
gainſt the Showers of Stones, Oc. falling on them in the 
Curve of a Parabola; neither is Materials wanting, or Means 
for the Security of the Defendants Lives, there being Stones 
Chalk, Lime, Timber, Faggots, Faſcins, Sand, Earth, ©: 


ever) 


evcty where to be had : Great Neceſſity, by long Experience, 
hath taught, that great'caxe.ought to be taken herein, ſince e- 


* 
* 


yen the moſt 8 have fell into the Enemies 


Hand, by no other Means, than the daily Loſs and Diminu- 
tion of the Garriſon, which can't be recruited or reinforced 
with new Supplies. Much more may be ſeen in the afore-cited 
159, and the following Pages | 
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8 


SECTION III. 


Containing briefly , in Three Chapters, 

the Out vu le, the Manner of making 

Irregular Fortifications; and, laſtly, the 
Offenjroe Works of the Enemy. © 


8 —_—_ — — —_— 
- . 


CHAT. I. 

Tue Ichnography or Orthography of the Out. 
wk. = 

. H A T do you mean by the Out-works, which the French 


call Les dehors? 


Thoſe Works are called ſo which are made without the 
primary Rampart, within its Ditch, or alſo without the Am- 
bit of the Covert- way; partly to cover and hide the internal 
Fortification from the ſight of the Enemy, partly to drive them 
away farther from the Fortification, and partly alſo to the high 
Ground that lies near the Town, before the Enemy ſeize it; 
ſo that they being detain'd. and wearied in taking theſe places 
firſt, may either be quite deny'd an Acceſs to the Fortification 
it ſelf, or elſe being at length tired, and their Strength in a 
great meaſure weakned, they may be compell'd to raiſe the 
Siege, giving a fit Time and Opportunity to the diſtreſſed Ci- 
ty of taking in freſh Aid and Succour, &c. | = 
2. Are theſe Works of one and the ſame lind? 5 
Not in the leaſt ; for we have already ſeen very different EY 
ſort of Work in the full Ichnographies of the Forms of _ [2524 
EE, cu. A Authors, === 
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Authors, viz. Ravelins, Half-moons, Lunettes,. Conſerves, Contre= 
gardes, &c. But in this place we intend only to conſider and 
deſign thoſe Out-works that are uſed in the Belgick Form, of 
which the firſt is the Rævelin, which is an external Work pro» 

to the Courting, and very neceſſary for covering the Gates 
or Entrances, as dc eb (Fig. XXXVI. Numb. 1.) whoſe Pro- 
tographical Delineation is thus; From a, the middle of the 
Courtin C D, erect the Perpendicular a b e, and in it ſet off 
be, as the Capital Line, equal to 3 or 4 of the Face EF or 
AB : Afterwards from E and B, the Extremes of the adjacent 
Flanks, draw- Right Lines to the Point e, beginning at the 
Brinks of the Ditch 4 and e, which will give the Faces of the 
Ravelin ed and ce ; and conſequently with the Limits of the 
Ditch they finiſh the whole Work. 


2. Which is the ſecond ſort of Outworks ? h h 


The ſecond ſort is the Half-moon i hg 1k (Eg. XXXVI. 
Numb, 2.) called by the French Demylune, by the Germans ein 
helber Pond (being thus named from the curvature of the 
Ditch 5fk, with which it is terminated on the fore part) this 
is an external Work proper to the Baltions, Its Conſtruction 
is thus; Having produced the Capital Line m F beyond the 
Ditch as far as 9, ſo that fg may be about 4 of the Face 
E F or FG: From ù and n, the adjacent Bendings of the 
Ditch before the Courtins, draw the obſcure Lines b g and 1g; 
from which, the Faces E F and F G being produced to h and 
I, will cut off, the Faces of the Half. moon bg and g /, they © 
will alſo give its Flanks h i and k /, there where they cut the 
Ambit of the Ditch 2 | 

4. Which is the Third fort ? 

They are the Tenailles, both ſingle and double, being exter- 
nal Works proper almoſt to the Courtins: They are made by 
producing the Flanks of the adjoyning Baſtions HG and I K 
(Fig. XXXVII. Numb. 1.) to o and 4, ſo that Ho, or K 4, 
may at moſt be 60 perches ( except they are encompaſſed on 
both ſides with other external Works, or defended from the 
Covert- way, in which Caſe they may be made longer) and 
9 q equal to the Courtin & I. Alſo having divided o into 4. 

Bb 2 ">" "Ol 
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| equal parts, if a fourth part be let fall from the middle, per- 
pendicularly, to 5, q s ando s being drawn, will give the ſin- 


gle Tenaille : And if one half of rs be produced back again to 


35 from the middle of the Faces o and 45, viz. 1 and 2, draw 


the Right Lines 1, 3 and 2, 3 ; and thus you will have alio 


the Double Tenaille. | 
F. Tell me alſo the Fourth ore? 


The Fourth fort is the Horn work proper almoſt to the 
Courtins, call'd by the French, Ouvrage 2 Cornes ; its Delineati- 
on is perfurm'd by theſe following Rules: Having drawn, as 
above, the Parallels 2 o and p q (Fig. XXX VII. Numb. 2.) and 
having made the Single Tenaille q 50, thro' the Point : from » 
and g produce the prick'd Lines o 1 and 4 2, and through the 
midle r two others „5 and 6 : Thus theſe latter ones will 
cut off the former, the Faces of the halves of the Baſtions »6 
and 4 5. And if you place one foot of your Compaſſes in ;, 
and with the other ies. 
the Protographical Delineation of the Horn work will be f. 
niſh'd, viz. of that Horn work, which the French call Ia grande 
Corne, becauſe its Horns or Semibaſtions are larger than in the 
other ſort, the interjacent Courtin being ſhorter, and having 
no ſecondary Flank ; whereas on the contrary, if it has a long 
Courtin (the Lines os and 5 being biſſected, for the Faces 
75 and 6) and conſequently narrower Semibaſtions ; it is 
call'd La petite Corne. 1 | | 


6 „I there yet a Fifth fort of Outwor ks ? 


Yes, and it is the chiefeſt of all, viz. the Crown work, by 
the French call'd Ouvrage 4 Couronne; Which is uſually placed 
before the Courtins, and alſo before the Baſtions, and is thus 
ſimply delineated ; From the Angle of the Ditch, either of the 
inner one before the Baſtion, or of the outer one before the 
Courtin, at what diſtance you pleaſe [according as need requires, 
and the Situation of the place will permit the Courtin to be 
extended either more or leſs) deſcribe an Arch, and in it, on 
both ſides the Perpendicular « 6 (Fg. XXXVIII) ſer off, at the 
ſame diſtance of the Semidiameter, the internal Sides (les Pohy- 
ones interieurs) bee and bd, and take a ſixth part of theſe, both 


for 


er the diſtance 5 and 56 to 7 and 8, 
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for the Gorges, and alſo for the primary and ſecondary Flanks, 
and perform the remaining part of the Operations, according to 
the Directions given in thoſe pleaſant and eaſy Methods taught 
about the beginning of Se. II. EE 


7. What doth the farther Elaboration of theſe Protographies re- 
quire & 0 e 


Both their full Ichnography, and alſo their Orthography, 
may be performed by the following Table, after the ſame 
manner whereby we have taught it from ſuch another Table, 
in the principal Works themſelves of the Belgick Form; for 
which End I have marked the ſame Lines here with the fame 
Letters as they were mark'd with there, having annexed to e- 
yery one of them two Numbers, the greater of which ſerves 
for the largeſt external Works, and the leſſer for the ſmalleſt 
(as the Ravelin, and Half-moon) although ſometimes, as oc- 
caſion requires, they deſcend below theſe, except in the heights 
of the Breaſt-works and Banquets : Several other things may 
be farther taught by word of Mouth, belonging to theſe Out- 


works. : 


Au Orthographical and Tchnographical TABLE 


for the Out · Works belonging to the Belgick Form. 


In Feet. : 
AB | 40 | 30 GF 13 F# 
AK | 6 | 4 || GH | 1-2] 1.27 
IB | 2| 2 || EM 


I-oolw (w | v | 
8 N 


)* 


1. W HAT fort of Fortifications are ehoſe which are bere cald Qu 


- unlike the Regular Forms, deviating from thoſe particular 


therefore beſide the Rules which may alſo be apply d to Irre- 


into thoſe Cities and Places that are irregularly fortified, and 


3900 Of FORTIFICATION. | 


CHAP. ML 2 
: Of Irregular FOR TIFICATIONS. WW © 


Irregular d 


They are thoſe Forms that are oppoſite to them, which we have {MW {car 
hitherto conſider d as Regular ones,viz. they conſiſt of Baſtions a: ſpec 
well as the Regular, but they are unequal ones, having alſo 
unequal Courtins, Flanks and Faces, and placed upon unequal I lar 
Angles of Polygons; in a word, they are almoſt altogether WW f0W 


Rules which have been delivered above in every one of them: 
But yet they depend on the fame general Foundations and Prin- 
ciples deliver d in the bieroduftion. 


2. Since therefore every Rule i; but one, from which we may vary 
a thouſand ways, Is there not more Labour, Fudgment and Prudence 
required in making an Irregular, than a Regular Fortification ? 


So moſt of the skilful Artiſts in Fortification think ; and 


gular Figures, not ſimply, but on ſome Conditions, and ac- 
cording to the Capacity of the Subject, they require an experi- 
enced and exerciſed Judgment, which is acquired by long Ex- 
perience, and a continual and diligent Enquiry and Scrutiny 


that in all Caſes can be capable of underſtanding readily what 
is beſt to be done, and what may be aptly accommodated to it, 
from ſeveral Obſervations taken from other places: Juſt as a 
Painter, who being about ſome curious Picture, or as an Ar- 
chite& about to raiſe ſome ſtately and magnificent Edifice, 
from the innumerable Forms, which by long Experience they 
have rendred familiar to them, they borrow here and there 
that which they judge to be moſt excellent, and produce 5 * 
„ A 5 N VV 5 ; or! 
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whole being conſider d together, is different from them all. 
4. But ſeeing that the Irregular Figures of Cities, as well as the 


Regular ones, confiſt of Lines and Angles, Mhat is it that j to be 
chiefly confider'd in their Angles and Lines? | 


The things to he conſidered are, F irſt, That ſome Angles 


are too acute, and therefore unfit to receive the Form of a Ba- 
ſtion, viz. all that are leſs than 90 Degrees; for in a regular 
Quadrangular Figure the Angle of the Polygon is 90 Degrees; 
but the Angles of the Baſtion in the common Belgick Form, is 
ſcarce 60, or at moſt but 65 Degrees; a leſs than which, e- 
ſpecially in the aforeſaid Form, ought not to be admitted in 
the Art of Fortification. Secondly, That whereas in a Regu- 
lar Figure or Polygon, the Vertexes of the Angles look all 
towards the outſide ; in Irregular ones, ſome are met with 
that turn inwards, for which reaſon a Baſtion can't be placed 
upon them after the uſual way. Thirdly, That whereas the 
inner {ide in the Belgick Form, at moſt, exceeds not 64, perches, 
in other Forms it is ſometimes 80 perches in length, but not 


above (viz. becauſe the Line of Defence wou'd then be made 


too large, the force of a Muſquet not reaching to fo great a di- 
ſtance) but on the contrary, in Irregular Figures ſome ſides 
will be either too ſmall, too ſhort, or too great and too long. 


IV. But ſuppoſe theſe Figures conſiſt in a Mean, and the Angles 
which they make are greater than go Degrees, How muſt they be fore 
tifiedo «+ - 

Such Fortifications may be made three ſeveral ways ; Firſt, 


The firſt is a very pleaſant and eaſy way, which is performed 
according. to thoſe Artifices, which were made uſe of in Regu- 


lar Fortifications, in Chap, I. of the Introduction, Seck. Il. viz. by 


dividing every Side into fix equal parts; and taking one of 
theſe for the Gorge, and for the primary Flank with the French 
and [:alians, or making the Flank ſomething leſs, according ta 
the Belgick way, by the the help of the Angle Forme-Flanc, or 
of the Angle of 1 
Flane) taking allo a ſixth part, or a fifth, or ſomething more: 
Laſtly, From the Ends of the ſecond Flanks, on both ſides 
Ce 4 draw 


- RTI. 8 
Work which has ſomething common with all the reſt, but the 
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drawing Right Lines through the Tope of the firſt Flanks, til 


* 


they meet, and form the Angle of the Baſtion. 


5. Which ts the ſecond Way of forming the Baſtions in the fre- 
A 5 : DD CR 

This is more accurate, and depends upon Arithmetical Cal. 
culation, by the Rule of Three. Secondly, Both the Angle of 
the Polygon A (Fig. XXXIX. Numb. I.) and the two ſides 
comprehending that Angle muſt be meaſured ; e. £ finding the 
Angle to be 123 Degrees, and the ſides A B, 58, and AC, 
69 perches: And then this Angle already found, muſt be 
ſought among the Angles of Polygons, in the Table of Angle 
in Se&. I. Chap. II. Numb. 2. where you will find jt to come ve. 
ry near to the Angle of a Hexagon, 120 Degrees. Wherefore 
take the interna] ſide of a regular ſixangled Figure, 59 perches, 
7 foot, or 579 foot, from the Table of Lines, for the firſt 
Number; the Gorge and both the Flanks for the ſecond Num - 
ber; and both the ſides AC and AB for the Third; from 


thence calculate the Fourth after this manner: 


« 


If the inner ſide in . 
a Regular Hexagon, hath its JSecond Flank 


\ 


being 597 ( r of the Courtin 137 footi 


The Side ABN For the Gorge 115 foot. 
| 7807 nas 3 For the Upper Flank 87 


(For the Flank of the Courtin 133. 


What will< ie. RO 
td For the Gorge 137 foot. 
| Sid AC 6900, For the Proper Flank 104 
13 (For the Flank of the Courtin 158. 


Which laſt Lines being thus found through the whole Am- 

bit of the Figure, and transferr'd into their correſponding Sides, 
from the ſame Scale, with which the Sides A B and A C were 
meaſured, every one of the Baſtions will be formed juſt after 


the ſame manner as was taught in Queſt. 4, 
5. What 
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Of FORTIFICATION., 3 
6. What « the Third x ? 3 
This is Geometrical, and is intended for thoſe who flight 

Arithmetical Calculation, vi. it is the ſame which we have 

given in our Geometry, Fig. XVI, and XVIII. for. dividing a 

given Right Line into any number of Parts,cither equal or une- 

qual, which is to be apply'd here after the following manner. 

The fide of a regular Hexagon (vi in the Caſe formed above) 

ab, Fig. XXXIX. Numb. 2. is defined in its Perches and Feet 

from a Scale; and in it, from the ſame Scale, are deſigned the 

Quantities of the Gorge ad, of the Flank of the Baſtion 4 e, 

and of the Courtin e f; then with the Radius ab is made an 

equilateral Triangle a h e, and in the Sides & a and e b, produced 
if there be need, are trans ferr d the 2 Sides which in our Caſe 

(Fig. XXXIX. Numb. 1.) are irregular,viz. AB from c to A and 

;, and from the ſame e farther to A and C; and having joyned 

A B and A C, if from o, through d, e and ã, you draw the 

Right Lines, they will cut oft the Gorges proportionately in 

the Sides A B and A C, alſo the Flanks of the Baſt ions, and the 

correſponding Flanks of the Courtins, bearing the ſame name: 

By which, after they are found in like manner through the 

whole irregular Ambit, according to the method given in Queſ. 

4- the young Schollar may eaſily form all the reſt of the Baſtje 

ons, at leaſt being aſſiſted by Guidance of a Maſter. 

7. But what if the Angle of the Pohgon, or of the Irregular F- 


qure be leſs than 90 Degrees 


Then it is accounted unfit, eſpecially in the Belgick Form, 
for to have a Baſtion placed upon it, and therefore muſt be 
covered on the outſide with Half. moons, Horn-works, or 
Crown-works, which you think moſt proper ; or .you may 
take the Angle it ſelf for the Angle of the Baſtion, and ſet off 
on both its Sides Portions of a fit length for the two Faces A E 
and A F, upon whoſe Extremities the two Flanks EG and 
F H muſt be placed looking towards the inſide, that ſo we may 
form a Baſtion as well as we can: But in this alſo there is re- 


quired good Help, and Wiſdom to manage it. 


8. By 


ö 
* 


8. But what muſt be done with that Angle that with its Very 
looks toward the inner parti of the Ciy ???? 

Such an Apgle (as H IK, Hg. XLI. Numb. 1.) is commonly 
call'd an External one, becauſe with its Cavity it is turned to the 


exterior Parts of the City. Firſt, Therefore, this is either 
joyned with the Area contained between its Legs to the Plan 


or Area of the City; by this Means its Figure being reduced 


to a more regular one, and afterwards is furniſhed with i 
Baſtions, according to the afore- mentioned way: Or, &. 
condly, If that, for ſome certain Reaſons, can't be done, yy 
mult ſuppoſe at leaſt that it may be done; and upon the fictitiou 
Side N K having formed two Baſtions , continue them with 


| their Flanks as far as the Legs of the external Angle: O, 


Thirdly, Upon the contiguous Angles themſelves H and K, if 
they are not too ſmall, may be formed the Baſtions, which of- 
ten times, by reaſon of the external Angle, are ſtronger and 
better defended than if they were to be made other wiſe: Or, 
Fourthly, If the diſtance H K be greater than 70 Perches, ot 
leſs than 40, in the former Caſe make whole Baſtions, in the 


latter only Halves (Numb. 4.) and between them erect a Rö. 


velin for the ſtrengthening of theſe, and the defence of the for- 
mer: In all which Caſes Uſe and Experience will teach you 


more. 85 55 


9. If the Sides happen to be tos long, what muſt be done then? 


They muſt be divided into two, three, or more parts, each 
of which ought not to be much leſs than 45, nor more than 
70 Perches long; and upon every Point of Diviſion a Baſtion 
mult be formed, which they call a Flat or Plain one, v. g. by 
placing from ſuch a middle Point s (Fig. XXXVII.) on both 
fides the Gorge t, 5x, 10, 11, or 12 Perches, Gc. accord- 


ing to the length of the parts S B, SC; and upon : and u e- 


rect perpendicularly the Flanks # x, u, of the fame number of 
Perches ; and this being done about every point of Diviſion, 
oppolite to every one of the primary Flanks ſet off the Flank 
of the Courtin of a conſiderable length, 13, 14, 15 Perches; 
(for this they ſay, that theſe plain Baſtions have ftronger Au- 


gles, and are capable of a greater Defence than the m 
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of FORTIFICATION. ag | 
nes) and from the Extremities of theſe, thro? the tops of the | 
mary Flanks x and y, draw Right Lines interſecting each o- | 
10. But ſuppoſe the Sides of the Figure be too ſhort, being nas 40 -_- 
Percbes long o 5 | © | | ris 2 | | 5 . : b SES 
The Angles of theſe Sides, ſeeing they are too near one ano- 
her, will ſcarcely admit of the c»mmon fort of Baſtions, becauſe 
they will be too ſmall and roo narrow: Therefore it will be 
better to take the whole Side it ſelf CD (Eg. XLII.) for the 
Courtin; and having erected the Flanks Cm and D n, upon 
the adjoy ning longer ſides, for the Gorge it will be beſt to make 
Cp and Do fo much the longer, and thus make the Baſtions. 


11. I; not the Application of Caſtles to the lager fortified Towns, 
nckow'd alſo among the Irregular Nori ? © 
Theſe Caſtles or Citadels are commonly of a regular Figure, 
having 5 or 7 Baſtions; but becauſe ſuch large fortified Cities 
are for the moſt part of an irregular Figure, and the adding of 
Citadels to them, make them yer the more irregular, therefore 
this ſort of Fortification is not improperly reſerved for this 
HKB V6b"- 41 e, 
12. For whas Uſe or Deſign 5 this intended and which 1 the 
moſt proper way of building it ? „ 
The Uſe and End for which this is erected, is to keep in o- 


rr 
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and not ſo ſtrong as the reſt, and ſo order d that no Fire cin 
directed from any part of them againſt the Caſtle. Thirdy 
The leaſt part of the Caſtle or Citadel muſt be placed willi 
the City (but yet it muſt be diſtant from the Houſes at leaſt 10 
or 40 Perches ) and the greateſt part without it; for whiz 
End 'tis commonly made in the form of a Pentagon. Fourh 
ly, Thoſe Lines next the Caſtle ought to be continued as fy 
as the middle of the Courtin of the City Rampart, that ſ 
from thence they may yg "ay be defended apaing 
the foreign Enemy. Fiſthly, If the City be accommodate 
with a River, the Citadel muſt then be placed at the uppe 

rts, not the lower parts of it, for a reaſon that's eaſy to be 
gueſt. Sixthly, For performing the Ichnography of a Citad 
to be applied to a fortified Town, there can be no eaſier Me 
thod, than firſt, to make the Ichnography or Protography d 
the whole City or Town with its Baſtions, &c. and then 1 
prepare the Delineation of the Citadel from the fame, or from 
finaller Meaſure or Scale, upon a Paper by it ſelf. Laſtly, Cl 
this exactly out of the Paper, and apply it to the Draught of the 
City, and remove it from place to place, till you have found; 
convenient place for it, according to the aboveſaid Directiom; 
which being done, prick down the Points of the Protograph 
of the Citadel with a ſharp pointed Pencil, in the Paper lying 
under, and connect them with Right Lines, having rubb'd aut 
of the Ichnography of the City, and afterwards out of the 
Work it ſelf,thoſe parts which muſt afford a place for the Citzeliff __ 


* 


del. 
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CH A P. III. 
Of the Field-Works of the Enemy. 


ITT HAT # there yet remaining, beſides what has been already 

delivered 0 - 2 | 4 
Whereas we have already taught how to deſign thoſe Works 
nich belong to the Defence of Fortificatioas ; now it remains | 
at we ſhould give you a brief Deſcription of the Works that 4 
e made uſe of in the Beſieging and Taking them, which con- 1 
tute the Offenſive part of Military Architecture, which is oppo- l 
eto the former or Defenſive; however for brevity fake I think | 
xt fit to allow a whole Section to this, becauſe I intend to if 
Wonprehend it in a narrower compaſs, as being more eaſy, and 4 
cauſe ſeveral others have treated hereof largely. Theſe Of- 1 
nſve Works comprehend, Firſt, Various Field Fortifications ; 
condly, Circumvallations ; Thirdly, Acceſſes or Approaches; 4 
aurthly, Batteries; Fiftkly, The Sappe and Gallery; Sixthly, q 
ines; Seventhly, Retrenchments, Sc. of every one of which | 
e ſhall mention ſome Particulars, 


2. What d, you cal Field Fortifications ? 


They are Leſſer Fortifications, by the French called Fore: or 
ntreſſes, whoſe Uſe is to defend the Camps, and for keeping 
ie High-ways, Ge. and they are of ſeveral forts, as Redoubrs, 
- Merit, Fortifications with Half Baſtions, others with 
hole ones, Gc. | | 


— — err 5 — 
* — eil : — 5 2 


3. Phat do you call a Reda i | 


This I call the moſt ſimple Fortification of all without Baſti- 
as, comprehended within a ſquare or oblong Ambit, which 
circuit is at moſt but 24, or at leaſt 16 or 12 Perches: Be- 
g ſtrengthened with a Parapet and its Banquet, raiſed upon 
e lower Rampart 2 or 3 Foot high. (See Fig. XLIII. Numb, | 
La - | 4 Wie 


P. 
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4. Nd do you mean by Star- Vork? | 
This the French call Eftoile, i. e. a Star; and it has 4, cf 

or 6 Angles, being in ſhape ſomething like a painted Star, i" ig 
has no Baſtions : Its Sides are commonly 6, 7, or 8 Perche 
long, and they all break inwards, juſt after the fame manner! 
the Ienailles are made, according to Numb. 4. Chap. I. ( 
Eg. XLIV.) 8 2 . ; 
5. What Fortifications are they which have but Half-Baſtiog 1 
They are not much larger than the former, but are a lit 
better defended, becauſe they have at leaſt one primary Fluk 
and one ſecondary ; and they are either in the form of an eqi 
lateral Triangle, or of a true Square (for theſe Figures are my 
1 agreeable to them than any other) the length of their Side 
- about 6, 7, or 8 Perches, and are divided into 3 equal pans 
being produced to the alternate Sides, 4 b to b d; be, toe, 
Se. one ſuch third part being taken for the Capital Lines ; th 
ſame part alſo gives the Gorge be, and half of it being ere 


| | ed perpendicularly makes the Flank ef, and conſequently th 

a Right Line fd is the Face of the Baſtion, Ge. (See Fig. XI. 2d 

we Fs EE | | | e 

= 5. By what Art are the Field Fortifications of whole BaſinWicy ar 
| eonſtrufted ? | | re dig 


There's no need of much Art, ſeeing that one or other o 

theſe pleaſant Ways of fortifying, which we have delivered a 
bout the beginning of Sect. II. may alſo be conveniently uſe 
here; only the Sides of the Tetragon or Pentagon are mud 
ſhorter (wz. being but 10, 16, or 20 Perches ) and there 
fore muſt be divided into 5 equal parts, of which one part mall 
be taken for the Gorge b d in the quadrangular Figure, and e! 
for the Capital Line bf ; and having drawn the Lines fd croß e an- 
wiſe, erect the Flanks d e perggndicularly ; but in Pentagon: 
which are ſeldom uſed in Camps, both the Gorge and Flank o 
the Baſtion, and alſo the Flank of the Courtin (or Second Flank 
which the quadrangular Form has not) is equal to a fifth pai 

of the ſide: The Capital Line is cut off by a Tranſverſe Line 
drawn from the extreme Point of the Flank of the Courtin 
through the top of the primary Flank- The Uſe of HexagoW 


* "La — Coe CS 2 2 5 
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e is yet more rare, except their Halves, which 
« for the guarding of- Rivers, Bridges, · G. and then they 


ations. 


7. What do you val a 1 2 


That which is now called a Trench, which f is e - bor 
continued Breaſt-work with which the Camp is Cad. both 
gainſt the Sallies of the Beſieged, and alſo to prevent the 
g in of the Enemy which comes from without to raiſe 
e Seige; which may be made either ſtronger or weaker. ac- 
ding to the greatneſs, of the Danger, or they may be ſur- 
unded only with Curve Lines (Epaulementt) or with Tenailes, 


xc their mutual Defence. 


0 8. What are Acceſſes or. Approaches? | 4 
1 They are nothing but Trenches, lying about 6 foot deep 
LV the Ground (chat being the uſual height of a Man) in which 


hey can more covertly and ſecurely draw nigh to the City which 
key are going to beliege ; hence call d Approaches: And they 
re digg d. by beginning at the diſtance of about 1000 Paces 


allowing Cautions : Fiſt, That there may not be, from any 


urnings and Windings. Secondly, At every Corner or Turn» 
0g, 5. e. at every new Line are placed; Redoubts, into which 
the Beſieged make a Sally, the Pioneers or Diggers may re- 


joyning Camp: Which 4 muſt be ſo advantagiouſly 
placed that they can defend the Lines ol two Approaches: Let 
beir depth, at leaſt, be 4 foot, that ſo che Earth which is caſt 
Fout may make them abour as high again, ( which ought always 


nel o be done on that ſide the Ditch which is next to the Belieg- 


&) which is a fit height to defend the Souldiers. Faurehiy, 
The nearer the Approaches i is made to the City, the deeper 
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ge two whole Baſtions and as many Halves; their Delinea- 
on 15 made after the lame Method as in i the . For- 


Forts, or Field Fortifications; or they may be furniſhed with 
yeral Out · works erected within — Wn. ol one another 


om the place which they are about to beſiege, taking theſe 


ur of the City, a direct Fire made upon them length-ways; 5 
r which reaſon they are drawn obliquely, and by alternate 


re and de end. themſelves till they can be relieved from the : 


they, 
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40 Of FORTIFICATION. - 
| they ought to be,.vix. in level Ground, and more where th; 
Ground goes on in a Slope towards the Town. Biftbh, Le 
the breadth of them be 12 foot, more or leſs, which in the 
digging ought to diminiſh by little and little, Se. ( See xy, 
9. What are Batteries ? ST 
They are Banks or little Hills caſt up to place the grey 
Cannon upon, for the more advantagiouſly uſing them. They at 
uſually firſt of all erected almoſt at the beginning of the Ah. 
proaches,to beat of the Beſieged when they fally out upon then: 
but afterwards they are moved nearer the City, to beat dom 
the Walls, Sc. Their height differs according to the heit 
of the Object which they are erected againſt : Their length 
is in proportion to the number of Cannon, whoſe Diſtancesfron 
one another ought to be 12 foot, and their diſtance from the 
Breaſt-work 6 foot ; for the breadth of the Bank tothe length 
of the Cannon muſt be added 10 or 12 foot, which is ſuftci- 
ent room for the Cannon to run back, when diſcharged, upon 
a Bridge made of Planks, and ſloping backwards; which Bridge 
muſt be 5 or 6 foot broad, that there may be room to go 
round it, Ge. For the Explanation of this (See Fig. L.) 
10. What do ou call the Sappe, and Gallery? 
This is the laſt Acceſs or Approach over againſt the Face of 
a Baſtion, with which they overthrow the Breaſt-work of the 
Covert-way, by a ſloping Mine reaching to the exterior Accli- 
vity of the Ditch (or Counterſcarp) call d the Sappe ; which be- 
ing perform d, and the Ditch fill'd with Rubbiſh and Fag- 
gots, upon the Heap, being prepared before hand with Beams 
and Planks, the Gallery is thruſt out (while in the Interim the 
furious Rage of the Cannon, playing very fiercely upon the 
Beſieged, drives them from the Rampart, and compels them 
do quit the Covert-way) through which they may paſs ſafely 
to the Face of the Baſtion, to ſpring Mines there, Oc. of which 
more may be taught by word of Mouth. (See Fig. XEVIl, 
and XLVIIL) i 
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11. What % underſtood by Mines? 

A Mine is riothing elſe: but a ſubterranean Cavern or Vault, 
bout 5 or 6 foot wide, and & or 7 in height, which is digg'd 

der what part of the Baſtion you pleaſe ;. to which, after tis 
yell ſupported with Poſts and Flanks ; and, laſtly, at the En- 
ance cloſely ſhut (except. a ſmall Hole) through the crooked 
Path ab cd, Sc. (Fig- XLIX. which begins at the place where 
be Face of the Baſtions is digg*d through) and by the help of 
te Magnet is directed to the aforeſaid Mine, is laid a Pipe or 
channel fill'd with Gun powder, which being put Fire to on 
i outſide, carries it directly to the Mine it ſelf, which before 
king ſtored with the ſame Powder bloweth up all the weight 
bat is over it with great violence, und fo layeth open 4 Way 
r Entrance into the City. And theſe narrow Mines are called 
y the French Fourninx, quaſi Furni, i. e. Ovens,' inſtead of 
Fuch formerly they uſed larger ones, but with greater tincer- 
12. What ij meant by 4 Receſs or Retrenchment 9 . 
In ſhort, this is nothing but a new ſort of a Line, having a 
Tenaille and one or two Baſtions, &c. which is raiſed behind 
at part which is annoy'd by the Enemies Cannon, having a 
reaſt- work, and is connected to that part of the Rampart 
hat as yet remains entire, that in caſe they are compelled to 
rhke their former place, they may retire thither, and hav- 
g at laſt recover'd their Strength, they make a freſh Reſi- 
ance againſt the Inſults of the Enemy: It is diſtinguiſhed in- 

o a particular and general part, Gc. which, as alſo ſeveral 

ther things, may more eaſily be learned by Examples and 
chemes, than by a tedious and prolix Deſcription in Words, 
t the moſt ſure way of all is to learn it by Military Experi- 

ces. (See Fig. L. Numb. 1 and 2.) — 


Dd Man- 


| Moni 


Okeing chat the Chick Authors and Wer «> Miles ; 26d 
10 edv have been already cited in the Treatiſe it 25 in 
the Kernel and chief Subſtance of all their Inventions being 
ready given, inſtead of repeating them again , we will r 
| wo this, That ſince this Mathefis Juvenilis not only is wel 
for the inf crming young. Lads, but alſo for thole of ripet Ya 
and amore mature Judgment, both here and elſewhere {hi 
s expounded more diftin&ly in the Arie bmetiel arid Geomt 
they may do well to make uſe of a v=o and $kilful "Tot 
her Inſtructions herein, youn may exerciſe thi 
ves in learning thoſe things ares u we have e ex plaine; 'neart ! 
Beginning of the 29. Sefton, in ſome ealy and eſt In) 
of Delineating Fortifications, and eſpecially about the val 
method of the Belgick Form deliver d there; as alſo thoſe thill 
which have been — in this Sela III. C. L. and 
they may alſo. by turns be alternately employed in Arithmt 
aul and Geometrical Exereiſes: But the Second Chupter of 
Set ien, belongs rather to Perſons of riper ears; as alf61 
Laſt Chapter of the Second.SeRion, when they are at "eifareſt 
Fre — — * a Tutor to inſtruet them. 


